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SUMMARY
The survival and heat resistance of Clostridium botulinum was studied 
in conditions which could he encountered in some Intermediate Moisture 
Foods (IMF* s). Type A spores remained viable for up to 74 days in 
medium systems containing various combinations of humectants and 
preservatives and at various pH values. Loss of viability of type B 
spores was observed in the presence of propylene glycol but the 
observation was not repeatable. Sensitivity to heat was indicated 
when type B spores were pasteurised in systems containing propylene 
glycol and propionate. Survival of vegetative cells at reduced Aw 
levels could not be assessed successfully due to rapid sporulation 
after inoculation.
The heat resistance at 80° and 90°C, as expected, was dependent upon
the humectant type and the pH value. The presence of propionate did
not reduce the D values significantly. The D values increased at
Aw 0.80 in the presence of sucrose and HaCl but in propylene glycol-
containing systems, the BQnop values did not increase significantly.
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The BqqOq values in the presence of propylene glycol were lowered than
the absence of humectant.
Interactions of humectant (NaCl, sucrose, glycerol or propylene glycol) 
and preservative (sorbate, benzoate or propionate) capable of inhibiting 
growth and toxin production by 01. botulinum at high Aw were also 
investigated using Tryptone Soya Broth systems. Combinations of 
RaCl/sorbate, propylene glycol/sorbate and propylene glycol/benzoate 
were more inhibitory than either the humectant or the preservative 
alone. The pH value of the system was found to have a significant 
effect on the anti-botulinal activity of the combinations. The
(iii)
interaction was shown to he dependent upon the humectant type and not 
the Aw of the system. Unexpectedly, growth of Cl. botulinum was not 
inhibited at pH 6.5 - 7.0 by up to 55% (w/v) glycerol (Aw O.90).
The results from these experiments are discussed in relation to the 
formulation of BCE^s, particularly those intended for subsequent 
rehydration or for consumption by infants, without increasing the 
risk of botulism.
PREFACE
The practical work reported in this thesis was undertaken at the 
laboratories of the Leatherhead Food Research Association during 
1976 to 1979-
In the thesis, the terms * sorbate*, *benzoate® and •propionate* refer 
to potassium sorbate, sodium benzoate and sodium propionate, respectively. 
Where levels of preservatives are cited, these relate to the 
concentration of the individual salt(s) used, not to the free acid 
concentration.
All enumerations of cells and/or spores were carried out in duplicate 
for each sample and the means of the colony counts are presented.
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CHAPTER 1
GENERAL IHTRODÏÏCTIOH
Since earliest times, man has found it necessary to preserve food for 
use in times of shortage and also to facilitate distribution. Food 
preservation refers to all measures taken to prevent spoilage of food. 
In a narrower sense, but probably the most critical, food preservation 
refers to the prevention of microbial growth which could lead, not 
only to deterioration of food, but also, to poisoning due to micro­
organisms, e.g. Clostridium botulinum. Salmonella spp., Staphylococcus 
aureus, Bacillus cereus and Cl. nerfringens.
The most ancient methods of preservation involved drying, salting and 
sometimes smoking. Preservation by fermentation has also been known 
for a long time. The use of sugar, for preserving fruit, was 
introduced during the 18th Century and in 1810, Nicholas Appert, 
introduced heat processing in sealed containers. During the 
19th Century, the use of chemicals for preservation became widespread 
and numerous antimicrobial agents e.g. creosote, formaldehyde, carbolic 
acid, borax and alum were used. Fortunately since the introduction 
of legislation to control the use of food preservatives, most of these 
preservatives have been banned from use in foods.
The physical and chemical methods available for preservation of foods 
can be divided into two categories: (i) those destroying the micro­
organisms and (ii) those inhibiting or delaying the growth of micro­
organisms .
The destruction of microorganisms can be achieved by physical means 
(heat processing and irradiation) or by chemicals (e.g. ethylene oxide, 
hydrogen peroxide and chlorine).
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The factors affecting microbial growth include nutritional status, 
water, temperature, pH, Eh and absence of inhibitors. Unless these 
environmental conditions are favourable or at least adequate, growth 
is either slowed down or inhibited. This is the basis for inhibition 
of microbial growth in foods.
The methods for the preservation of foods by inhibition of microbial 
growth, therefore, involve the use of: (i) reduced pH (e.g. in acid
fruits and pickles), water activity - 'Awf (e.g. by drying or addition 
of humectant) and temperature (e.g. by refrigeration or freezing);
(ii) unfavourable gaseous environments (e.g. gas or vacuum packaging); 
and (iii) addition of preservatives.
The use of these methods singly is not always possible or desirable 
and, in practice, many foods are preserved by combinations of two or 
more methods. The widely used combinations of preservation methods
include : (a) heat treatment, pH and preservatives e.g. for some acid
foods; (b) heat treatment, Aw and preservatives e.g. some fruit 
preserves; (c) Aw, pH and preservatives e.g. cheeses; and (d) heat 
treatment, curing agents, pH, Aw and storage temperature e.g. pasteurised 
cured meats.
Each parameter in the combinations generally is used to prevent the 
growth of specific organisms or groups of organisms. For example, in 
combination (a) above, pH values < 3.5-4.0 inhibit bacteria; heat 
treatments (pasteurisation) reduce the mould and yeast load; and 
preservatives inhibit growth of moulds and yeasts which survive the 
heat process or contaminate the product after processing.
Similarly in combination (b) above, the bacterial growth is inhibited 
by the reduced Aw levels. Heat processing and preservatives prevent
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mould or yeast growth. The situation is much more complex in 
pasteurised cured meats (combination (d) above) and the complex inter­
dependence of each parameter has been a subject of intensive research 
during the last two decades.
Therefore, the various parameters, where combined, should inhibit all 
microbial growth, although any one of the parameters (at the level 
used) would not be capable of preventing all microbial growth.
According to Leistner and Roedel (1979)» for example, each parameter 
or ‘hurdle* would act to reduce the potential for microbial spoilage 
until sufficient parameters (hurdles) were used to ensure the desired 
and necessary microbial stability of the product.
Microbiological food preservation infers inhibition of growth and/or 
absence of not only spoilage organisms but also food poisoning organisms 
such as Cl. botulinum.
Clostridium botulinum is a spore forming, gram-positive mesophilic rod 
and is classified in the family Bacillaceae along with the genus 
Bacillus and three other genera. The clostridia are strict anaerobes 
or at best micro-aero tolerant. Members of the genus Clostridium are 
important medically, since several species, such as Cl. tetani.
Cl. perfringens and Cl. botulinum. produce toxins that are harmful to 
animals and man.
The toxins produced by Cl. botulinum affect the nervous system resulting 
in an often fatal neuroparalytic disease known as ‘botulism’ which is 
caused, in general, by the consumption of food containing preformed 
toxin. Therefore, prevention of Cl. botulinum growth and toxin 
production in foods has been a very important consideration for food 
preservation.
—  ——
The inhibitory effects of the various preservation parameters and some 
of their combinations on 01. botulinum have been studied but, with 
increasing demands from consumers and legislators for further reductions 
in preservative and processing levels, newer combinations utilising 
lower preservative and processing levels are required. Since reducing 
the ’hurdles’ (number and/or level) would undoubtedly affect the safety 
and stability of foods, ’newer’ combinations which interacted 
synergistically would be clearly advantageous.
The recent revival of interest in the development of Intermediate 
Moisture Foods (IMF’s) has demanded further knowledge of the interactions 
between Aw and other preservation methods.
The objective of this work was to assess the effects of interactions 
between Aw, pH, preservatives and heat on the survival and growth of 
Cl. botulinum.
The literature survey has been limited to the effects of these parameters 
and their interactions on Cl. botulinum.
As growth of Cl. botulinum is not possible in IMF’s, an attempt was 
made to find combinations which inactivated or reduced the heat 
resistance of Cl. botulinum spores (and cells) at reduced Aw levels.
A search was also undertaken to find combinations useful for the inhibition 
of Cl. botulinum growth at high Aw levels.
Commonly used humectants (i.e. sodium chloride, glycerol, propylene 
glycol and sucrose) and preservatives (sorbate, benzoate and propionate) 
were selected. For the purpose of this investigation, humectants were 
used singly to achieve the required Aw levels in media systems.
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Studies with all the combinations of humectants, preservatives and pH 
values were not always possible, and the effects of a limited number 
of combinations on survival, heat resistance and growth of 01. botulinum 
are reported.
Because of the hazardous nature of the organism and its toxins, work 
involving 01. botulinum requires special precautions. The work 
described in this thesis was carried out in the * Botulinum Laboratory* 
at the Leatherhead Food R.A.
The laboratory has been isolated from other laboratories and safety 
precautions, taken within the laboratory, prevent the transfer of the 
organism and especially the toxins to other laboratories and their 
personnel. The staff of the 1 Botulinum Laboratory* although immunised 
against botulinal toxins, need to take adequate precautions to avoid 
* accidents *.
Also, due to limitations on space and equipment, the experimental work, 
generally, has to be of simple design, i.e. specialised equipment or 
machinery cannot always be made available for use in the ‘Botulinum 
Laboratory*. Consequently, the experimental work carried out for this 
thesis was relatively simple and only the techniques readily available 
in the 'Botulinum Laboratory* were used.
- 6 -
CHAPTER 2 
LITERATURE REVTEW
2.1 Clostridium botulinum
2.1.1 The organism, its toxins and botulism
Clostridium botulinum is one of several pathogenic species of the genus 
Clostridium (Smith & Hobbs, 1974) and produces a potent neurotoxin. The
organism is a spore-forming, mesophilic, obligately anaerobic, Gram- 
positive rod, and the species is divided into seven types (A - G) based 
on the serological specificity of the toxin.
Various classification groups using biochemical and physiological 
characteristics have been suggested (e.g. Smith & Holdeman, 1968; Lee & 
Riemann, 1970). However, other species of Clostridium could be related 
to these groups, and in practice the type of neurotoxin produced is 
used by most workers as the main criterion for classifying Cl. botulinum. 
Table 2.1 shows the classification adopted in Bergey (Smith & Hobbs,
1974).
The neurotoxins are serologically specific proteins produced by 
Cl. botulinum inside vegetative cells during growth and, although 
historically called exotoxins, there is sufficient evidence that the 
toxin is only released into the surrounding medium following autolysis 
(Boroff, 1955; Bonventre & Kempe, I96O; Kawata & Takumi, 1971; and 
Takumi, et al, 1971)•
Most of the toxins are synthesised as prototoxins or slightly toxic 
progenitor molecules. Full toxicity is achieved (activation) by the 
action of pro teases produced by the cells of the proteolytic A, B and F 
strains (Das-Gupta & Sugiyama, 1972) or by the subsequent action of
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Table 2.1 Classification of Clostridium botulinum*
Group Cl. botulinum types
I - proteolytic strains type A, B, C, D and F
II - non-proteolytic strains - type B, E and F
III - non-proteolytic strains - type C and B
TV - type G
* - Smith & Hobbs (1974)
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trypsin or some other exogenous proteolytic enzyme. The changes brought 
about during activation by the proteolytic enzymes are not clearly known 
but the increase in toxicity is thought to be due to the uncovering of 
toxic sites in the pro to toxin molecule (Lamanna & Sakaguchi, 1971 ) • The
chemistry of the various toxins is complex and has been reviewed by 
Boroff and Bas Gupta (1971)> Lamanna and Sakaguchi (.1971), Sakaguchi, et al, 
(1974), Smith (1977) and others.
The type of toxin produced has been shown, possibly, to be dependent upon 
the presence of a phage (Riemann, 1973; Eklund & Roy sky, 1974; lida, 
et al, 1974) which could explain the production of serologically identical 
toxins by physiologically different strains (Smith, 1977)•
The toxin produced by Cl. botulinum is one of the most potent biological 
toxins known to man (Lamanna, 1959) and causes the most serious, often 
fatal, neuroparalytic disease called 'botulism'. The susceptibility 
of a wide range of mammals and birds to bo tulinal toxin has been studied
extensively and has been reviewed by Smith (1977) '
_5
The lethal dose for a mouse has been shown to be in the range 10 to
10  ^g kg  ^body weight (Gordon & Murrell, 19&7; Boroff, 1972). It
has been estimated that 1g of purified toxin would be fatal for over 
seven million people. Cl. botulinum type A, B, E and F can cause 
botulism in man whilst types C and B have generally been associated with 
other animals (Table 2.2). Type G has not caused any case of botulism 
as far as is known.
The symptoms typical of the disease include double vision, difficulties 
in breathing and swallowing, paralysis and often death (Bonadip, et al,
1971 ; Taylor, 1973) • Botulism is known to be due to the blocking
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Table 2.2 Animal species affected by toxins of Cl. botulinum ^
Toxin type Species affected
A Man, chicken
B Man, horses, cattle
C Aquatic wild birds, cattle, horses, mink
D Cattle
E Man
F Man
G "Test animals"
îf SvwA y ( |
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action of the toxin on cholinergic nerves (Boroff & Das Gupta, 1971 ) • 
Recent work has confirmed that acetylcholine release is prevented 
(Leander & Thesleff, 1980) although the exact mechanism for the blockage 
is still unclear.
Botulism is generally associated with the ingestion of preformed toxin 
in foods, although cases of * wound botulism* and, recently, cases of 
* infant botulism* have been reported. 'Infant botulism* is caused by 
the in vivo production of toxin by 01. botulinum in the infant ' s 
intestine (Amon, et al, 1979) •
Ingestion of spores by healthy adults is generally^ considered to be 
harmless unless large quantities of spores are ingested which could 
release spore-bound toxin on germination (e.g. Grecz & Lin, 1966). 
Fortunately, the toxin and vegetative cells are easily inactivated by 
heat, but the spores are able to survive high temperatures for long 
periods (see § 2.2.2., page 18).
2.1.2 Occurrence of 01. botulinum
The spores of 01. botulinum occur in soil, fresh-water muds and marine 
muds in many parts of the world. Numerous surveys around the world 
have been undertaken and the subject has been reviewed extensively (e.g. 
Dolman, 1964; Hobbs, 1976; Smith, 1977) • A summary of isolations of 
01. botulinum from the environment in and around the UK is shown in 
Table 2.3; type B appears to be the most common strain.
In the USA, an overall incidence of 38.1% in soils has been reported 
(Smith 1975). In Europe also, the organism has been isolated 
frequently (Johannsen, 1965). In Russian soil, Bulatova, et al ( 1975) 
reported an overall incidence of 6.7%. Similarly, in the Far East
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Table 2.5 The incidence of Cl. botnlinnm in the environment 
in and around the UK
Environment Location Incidence
W)
Toxin types Reference
Soil England & Wales 8 . B Meyer & Dubovsky, 1922
Soil Scotland 4 A, B Leighton & Buxton, 1928
Soil S.E. England 3.8 A, B Haines, 1942
Sea mud U.K. Coast 3.5 B Cann, et al, 1968
Lake mud London 72.5 B, C, D, E Smith &
Edinburgh 71-4 . B, C Moryson, 1975
Soil London 4 B Smith & Moryson, 1977
Mud Norfolk Broads 98 B, C, E Borland, et al, 1977
Sea mud U.K. Coast 35 B, C, D, E Smith, et al, 1978
Soil Various 5-7 B Smith & Young, 1980
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Mortojudo, et al, (1973) reported that about J\0% of marine sediments 
and animals were contaminated.
As Cl. botulinum spores are present in the environment, contamination 
of foods is possible which could lead to growth and toxin production, 
even from a single spore. Surveys generally have shown a low and 
sporadic incidence in meat and vegetables (reviewed by Jarvis & Patel, 
1980). However, the incidence of Cl. botulinum in fish has been found 
to be extremely variable, depending not only on the type, but also on 
the geographical origin of the fish (reviewed by Hobbs, 1976). In 
fish, type E has been isolated most frequently, in contrast to the 
prevalence of types A and B in meats and vegetables.
The food industry and health authorities have adopted the attitude 
that all foods should be regarded as potentially contaminated with 
Cl. botulinum, so far as procedures for food preservation are concerned.
2.1.3 Occurrence of botulism
Animal botulism occurs frequently throughout the world and details of 
recorded outbreaks have been reviewed by Smith (1977). The main 
concern, however, has been human botulism.
The first outbreak of human botulism was recorded in Germany in 1793» 
and according to Smith (1977)» the two monographs by Justinus Kemer 
published in 1820 and 1822 gave details of 230 other cases of botulism. 
Although the cause was unknown at the time, in 1820 the disease became 
’notifiable* in Germany and the name 'botulism* based on Latin 'botulus* 
for sausage was coined in 1870 by Mailer. The causative organism was 
isolated by Van Ermengem in 1896 after an outbreak involving ham, and 
he called the organism Bacillus botulinus.
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The recorded outbreaks of human botulism worldwide were summarised 
by Meyer (1956) who estimated that there were over 1700 outbreaks of 
botulism up to 1956 affecting about 5000 people with an overall mortality 
rate of 34%*
In the UK, outbreaks of human botulism are, fortunately, rare (Spencer, 
1969). The 1978 outbreak of botulism in. Birmingham, caused by 
consumption of canned salmon, affected four persons of whom two died 
(Ball, et al, 1979)' This was the first general outbreak since 1955 
and only the thirteenth recorded since the 1922 Loch Maree Tragedy.
In addition, the first recorded case of ’infant botulism’ in the UK 
was recognised clinically in 1977 (Turner, et al. 1978).
In Western Europe outbreaks of botulism occur more frequently but 
reports are not always publicised. The outbreaks in Western Europe 
during 1956 - 1978 are summarised in Table 2.4 and compared with UK 
total figures.
It is frequently thought that botulism is more frequent in the USA than 
in other parts of the world. However, from the data for 1956 - 1978 
summarised in Table 2.5, botulism is clearly more common in Eastern 
and Western Europe than in North America. The large number of cases 
in Eastern Europe was recorded mainly in Poland (4711 during i960 - 1973) '
Probably the largest known single outbreak of botulism was recorded in 
Iran during 1977 (Houhbakhsh-Khaleghdoust, 1977); seventy-five persons 
were affected of whom seventeen died. Botulism also occurs frequently 
in Japan (Table 2.5). By contrast, in South America, Africa and 
Australia reports of botulism are rare, but the disease is not unknown.
In total, more than 2500 outbreaks of human botulism have been recorded 
this century; about 12000 persons have been affected with an overall 
mortality rate of about 20%.
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Table 2.4 Recorded incidence of botulism in Western Europe
Country
No. of recorded
Outbreaks Cases Deaths
UK and Eire 
(1922-78) 14 33 21
Belgium, France, Germany 
Italy and Luxembourg
(1956-78) >254 1851 > 77
Denmark, Norway and 
Sweden
(1956-78) > 25 90 13
Data derived from Jarvis & Patel (1980)
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Table 2.5 Summary of recorded outbreaks of human 
botulism worldwide
Region Outbreaks Cases Deaths
Western Europe
(1956 - 78) >280 1946 >92
Eastern Europe (Poland 
and the USSR)
(1958 - 73) > 95 5059 175
Northern America
(1956 - 78) N.A. 739 193
Southern America
(1973 - 74) 2 18 7
Middle East (Iran)
(1977) 1 75 17
Africa (1958 - 78) 2 12 0
Far East (Japan) 
(1951 - 70) 64 343 89
Australia
(1957 - 78) 4 19 1
N.A. - Data not available
Data derived from Jarvis & Patel (i960)
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2.1.4 Foods implicated
A wide variety of foods has been implicated in the various outbreaks 
of botulism. Meat and meat products have been mainly responsible for 
the outbreaks in EEC countries, whilst in the USA vegetable products 
have been shown to be the main vector. The data is summarised in 
Table 2.6. Fish and fish products have been associated largely with 
botulism in Scandinavia, Russia and Japan.
In the majority of cases, home-preserved foods have been implicated 
although commercial foods have also been implicated occasionally.
Honey has been implicated in some cases of infant botulism (Amon, 
et al. 1979)*
In order to prevent botulism, therefore, foods should be not only non­
toxic, but also spore/cell free (to prevent infant botulism). This 
is particularly important for foods which are not heated before 
consumption and for infant foods.
2.2 Effects of Temperature
2.2.1 Inhibition of growth
The effect of temperature on the growth of microorganisms and the use 
of low temperatures for preservation of foods are well established. 
Microorganisms can be divided into three main groups (e.g. Mossel, 1977) 
based on their range of temperature tolerance:
Group
Psychrotrophs/Psychrophiles
Mesophiles
Thermophiles
Temperature (°C) range for growth
-5 to 25 
~5 to ~50
40 to 80
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Table 2.6 Foods implicated in outbreaks of botulism
Percentage of outbreaks in
EEC
(1956-78)
USA*
(1899-1973)
Meat and meat products 64 5
Fish and fish products 6 13
Milk and milk products 1 2
Vegetables 3 68
Others/unknown 26 12
No. recorded outbreaks 266 219
* Only outbreaks where toxin type determined
Data derived from Jarvis & Patel (i960)
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The optimum temperature range for growth of Cl. botulinum - a mesophile, 
is well established (Smith & Hobbs, 1974)- The maximum growth 
temperature is between 40° and 50°C (Ohye & Scott, 1953), unfortunately 
storage temperatures above 50°C cannot generally be used for preservation 
of foods due to the undesirable effects on other properties of foods.
The studies reporting the minimum temperature for growth of Cl. botulinum 
with other parameters at optimum values, are numerous and have been 
reviewed e.g. by Spencer, (19&9) and Hobbs, (1976). In general, the 
proteolytic strains of Cl. botulinum cannot grow and form toxin below 
10°C (Roberts & Hobbs, 1968). The growth of non-proteolytic strains 
can occur, however, at temperatures as low as 3*3°C (Eklund, et al.
1967).
Therefore growth of Cl. botulinum in foods can be prevented by storage 
at temperatures <3°C (Table 2.7).
2.2.2 Inactivation and heat resistance
The inactivation (destruction) of microorganisms at temperatures above 
the maximum for growth is well established (Stumbo, 1973) • Most 
vegetative microorganisms are inactivated at temperatures above 65°C 
within a few minutes. Bacterial spores, however, can survive much 
higher temperatures.
The resistance to heat was, at one time, measured in terms of thermal 
death point, i.e. the lowest temperature at which a culture was killed 
within a standard period of time, which was later modified to the 1 times 
necessary at various temperatures to achieve sterility in a culture or 
spore suspension (Thermal Death Times or T.D.T.)*.
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Table 2.7 Physical methods for control of Cl. botulinum in foods
Controlling
parameter
Cond
Destruction
itions for
Inhibition of 
Proteolytic Non-Proteolytic 
strains
Temperature
Acidity (pH) 
Aw
Irradiation 
Chemical Pres.
*3min @ 121°C 
*3.6 M a d
>50°C >50°C 
<10°C < 3°C
<4.5>8.5 <5» > 8.5
<0.94 <0.97
Variable
* 12D process at pH 7
Derived from Jarvis & Patel (1980)
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The decimal reduction time - D-value - was first introduced by Katz in, 
et al, (1943) and is now widely used, together with Z values (temperature 
change required for one log cycle change in D-value) to describe heat 
resistance of microorganisms. Comparative D-values for bacterial spores 
important in canned foods have been summarised by Stumbo (1973) •
The classical investigations of heat resistance of Cl. botulinum spores
were those of Esty and Meyer (1922). They showed that the most resistant
strain (out of over 100 type A and B strains) when suspended in M/15
10
neutral phosphate buffer at a level of 6 x 10^ spores per/tubes had an 
E value of 2.78 minutes with a Z value of 10°C (P value referred to the 
time taken to achieve sterility). These values were recalculated by 
Townsend, et al. (1938) as F = 2.45 minutes and Z = 9»2°C.
Subsequent investigations have confirmed these figures for Cl. botulinum 
type A and B (e.g. Stumbo, et al, 1950; Reed, et al, 1951; and Knock & 
Lambrechts, 1956). The D^^ -jOq value of 0.2 minutes determined by 
Schmidt (1964) was almost identical with that calculated from previous 
studies. The D-values for Cl. botulinum determined at different 
temperatures have been reviewed by Spencer (1969), Jarvis and Weaves 
(1977) and others.
The heat resistance of Cl. botulinum type A and B spores has been 
determined mostly at temperatures at or above 100°C. Reports of heat 
resistance determination at pasteurisation temperatures are rare.
DqqOq and D^qO^ values of approximately, 1000 minutes and 100 minutes, 
respectively, have been reported for Cl. botulinum type B (Jarvis, et al. 
1976).
Smelt, et al, (1977) reported heat resistance of Cl. botulinum type A 
and B at 95°C in media at low pH values (3«5 - 4«4) to be in the range
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0.4 - 25 mins. The heat resistance of the sensitive type E strains 
has been determined at pasteurisation temperatures; for example,
Ohye and Scott (1957), Schmidt (1964) and Roberts, et al. (1965) have 
reported D^o^o values 5 - 14.5 minutes.
From the heat resistance data, a minimum botulinum cook has been 
established - FQ = 3, equivalent to 3 minutes at 121°C (Table 2.7),f Z  % 
for preservation of low acid foods which could be stored at room 
temperature without risk of growth by Cl. botulinum. However, it is 
clear that pasteurisation alone could not be used for destruction of 
Cl. botulinum spores because of the excessively long heating periods 
required which would render most food inedible.
Various factors including Aw, pH and chemicals are known to affect 
heat resistance and these are considered later with each factor.
2.3 Water Activity - Aw
2.3.1 Significance of Aw
There is abundant evidence that living processes have a universal 
requirement for water and that microorganisms are no exception. Since
all foods contain water, growth of microorganisms is possible. It
has been known for a long time that the possibility of microbial growth 
in foods is related to the availability of water and not simply the 
water content (reviewed by Scott, 1957).
The availability of water depends on the degree of binding or association 
between water and the solutes present in a system (Troller & Christian, 
I97.8)• The work of Scott (1957) clearly showed a correlation between 
available water or "water activity" (Aw) and microbial growth.
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The Aw of a solution (or medium or food) can be defined as the ratio of
vapour pressure of the solution (p) to the vapour pressure of pure water
(p0) at the same temperature: Aw = — (Raoults Law). Removal of water
Po
or addition of solutes (humectants) lowers the vapour pressure of the 
system, thereby reducing the Aw.
The various methods available for determination of Aw have been assessed 
and reviewed extensively (e.g. Smith, 1971; Hardman, 1976; Labuza, 
et al, 1976; Troller & Christian, 1978; Prior, 1979; and others).
The literature on the effects of Aw on microbial growth is vast and the 
limiting Aw levels for growth of microorganisms associated with foods 
have been summarised by Leistner & Roedel (1975).
In general, moulds are more tolerant of reduced Aw levels than yeasts, 
and yeasts are more tolerant than bacteria. However, the minimum Aw 
levels for growth depend upon the solute (or humectant) used to adjust 
the Aw (Marshall & Scott, 1958; Scott, 1961 ; Baird-Parker & Freame, 
1967; Kushner, 1971; Marshall, et al, 1971; Sinskey, 1976; and 
others). The differences are related to the ability of the humectants 
to pass through the bacterial membranes. The growth limiting Aw 
levels are generally lower with humectants able to pass through the 
membrane (e.g. glycerol) than with humectants (e.g. NaCl) which cause 
osmotic dehydration (Gould & Measures, 1977)•
The differences in Aw tolerance have also been shown to be related to 
the hysterisis effect of adsorption/desorption processes in Intermediate 
Moisture Foods (Labuza, et al, 1972; Acott & Labuza 1975; and others), 
but is still not fully resolved (Troller & Christian, 1978).
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Humectants are usually assumed to inhibit microbial growth by reducing 
the water activity. However, Sinskey (1976) clearly demonstrated 
antimicrobial effects of polyhydric alcohols (e.g. propylene glycol) 
against Staph, aureus and Bacillus subtilis which were independent 
of Aw or moisture. Measures and Cheyney (1981) have reported the use 
of low concentrations of propylene glycol in intermediate moisture 
petfoods for the inhibition of moulds.
Unfortunately, antibotulinal effects of the humectants have not been 
reported, although differences between humectants have been observed 
(e.g. Baird-Parker & Freame, 1967).
2.3.2 Inhibition of growth of Cl. botulinum
The effect of Aw on spore germination, growth and toxin production by 
Cl. botulinum is of critical importance in many food systems, and the 
literature has been reviewed by Troller (1973> 1980).
The limiting Aw levels for germination have been shown to be lower than 
those for growth and toxin production, (Mundt, et al, 1954; Baird-Parker 
& Freame, 1967, Jakob sen & Murrell, 1977), and the values depend upon 
the type of Cl. botulinum and the humectant used (Halvorsen, 1955; 
Pedersen, 1957; Ohye & Christian, 1966; Baird-Parker & Freame, 1967; 
Emodi & Lechowich, 1969; Marshall, et al, 1971).
Type E strains have been shown to be more sensitive to water limitation 
than types A or B and glycerol has been shown to be less inhibitory than 
sucrose, NaCl or other humectants. Growth of Cl. botulinum types A,
B and E is generally inhibited at Aw levels <0.95, <0.94 and <0.97 
respectively (Ohye & Christian, 1966) if NaCl is used as the solute.
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When Aw levels were reduced using glycerol, growth was inhibited at 
Aw levels <0.93, <0.93 and <0.95 for types A, 33 and E respectively 
(Baird-Parker & Freame, 196?)•
Although the growth limiting Aw*s for Cl. botulinum have been determined 
mainly in media systems, they have been shown to be applicable to foods 
(e.g. Riemann, et al. 1972; Jarvis & Patel, 1980). Thus Aw levels of 
<0.94 are now generally accepted (Table 2.7) for inhibition of 01. botulinum 
in foods.
Alteration of other preservation parameters, i.e. pH value, and storage 
temperature have been shown to raise the minimum Aw required to inhibit 
growth of Cl. botulinum (Ohye & Christian, 1966; Baird-Parker & Freame,
1967; Riemann, et al, 1972; Troller, 1973) • These interactions have 
been studied in laboratory media systems and reports for food systems 
are rare. The results obtained by Patel and Jarvis (1978), for growth of 
Cl. botulinum in processed cheese confirmed the interactions observed 
in media systems.
Leistner & Roedel (1975) have proposed storage categories for traditional 
meat products based on their Aw and pH value together with the recommended 
storage temperatures. However, application of these criteria to other 
foods has not been recommended.
2.3.3 Inactivation and heat resistance
Reduced Aw also affects the survival and resistance of microorganisms.
The loss of viability of a range of vegetative organisms at low Aw is 
well established (Higginbottom, 1953; Scott, 1958; Mossel, 19^ 3;
Liu, et al. 19 9^; Marshall, et al, 1974; Acott & Labuza, 1975;
Corry, 1976; Pawsey & Davies, 1976; Sinskey, 1976, and others).
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The rate of death has been shown to be related to the type of humectant, 
temperature, pH, Aw, type of organism, etc. Unfortunately, these 
effects cannot be relied upon to completely eliminate microorganisms 
in foods.
The literature on the loss of viability of clostridia at reduced Aw is 
sparse. Labuza, et al, (1972) reported that numbers of Cl. perfringens 
in Chicken à la King (Aw 0.85) fell substantially during 3 - 4  months’ 
storage, but expressed reservations concerning the adequacy of the data. 
In contrast, Pedersen (1957) reported that Cl. botulinum spores 
survived for at least a month in curing brines containing 14 - 22% salt 
(Aw 0.8 - 0.9) at pH 4.8 - 6.0. Also, Cl. botulinum type E spores 
were shown to remain viable in brines (up to 95% saturation with NaCl) 
for up to a year at 15°C (Rhodes, 1979). However, the stability of 
spores or cells of Cl. botulinum, stored in the presence of other 
humectants particularly in combination with preservatives and reduced 
pH values, has not been reported.
The heat resistance of both vegetative cells and spores has been shown 
to be greatly increased by reduced Aw (e.g. Murrell & Scott, 1966; 
Haemulv & Snygg, 1972; Gibson, 1973; Lubieniecki-von Schelhom, 1973; 
Corry, 1974a-; Hsieh, et al. 1975l and Haemulv, et al. 1977) • 
Unfortunately data for heat resistance of Cl. botulinum at low Aw is 
limited.
Increased heat resistance of Cl. botulinum spores in sucrose-containing 
systems was reported by Weiss, (1921), Braun, et al, (1941), Sugiyama, 
(1951) and Smelt, et al, (1977). Murrell and Scott, (1957) reported 
that the heat resistance of Cl. botulinum type E spores at Aw 0.8 
increased approximately x 30,000 in the absence of solutes (by 
equilibrating spores in known Aw atmospheres).
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The heat resistance of spores and vegetative cells of other organisms 
is also generally greater when the Aw is reduced without added solutes 
than when humectants are present (Murrell & Scott, 1966; Corry, 1974b). 
Some solutes, e.g. NaCl and glucose in the heating menstrum have been 
shown to reduce the heat resistance of B. subtilis (Haemulv & Snygg, 
1972). Propylene glycol also reduced the heat resistance of Salmonella 
at reduced Aw (Corry, 1974b).
2.4 Effects of pH value
It is well known that the range of. pH values permitting growth of micro­
organisms is specific for each type of organism. However, most 
bacteria, particularly food poisoning bacteria, are inhibited at pH 
values <4.0, but many moulds and yeasts are capable of growth at pH 
value approximately 2.0.
The minimum pH value for growth of Cl. botulinum has been reported and
discussed by many workers (Hosier, 1924; Ingram & Robinson, 1951;
Townsend, et al. 1954; Ohye & Christian, 1966; Segner, et al. 1966; 
Baird-Parker & Freame, 1967; Hauschild, et al. 1975; Huhtanen, -, 
et al, 1976; and others) and pH value of 4-5 or below is generally 
accepted to be inhibitory for the growth of Cl. botulinum.
The proteolytic strains of Cl. botulinum are inhibited at pH value 
<4*5, whereas the more sensitive non-proteolytic strains are inhibited 
below pH 5 (Table 2.7). However, recent work by Raatjes & Smelt (1979) 
has cast some doubt on these general assumptions: growth and toxin
production having been shown to occur in protein rich media at pH 
values as low as 4*0, only in the presence of B. subtilis and 
B. licheniformis, and if the pH had been adjusted with hydrochloric acid.
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Growth of the bacilli removed residual oxygen and lowered the redox 
potential, thus creating more favourable conditions for the growth of 
Cl. botulinum.
Growth of Cl. botulinum at pH values <4*5 has been reported before 
(Amato de Hagarde & Beerens, 1970; Odlaug & Pflug, 1978, 1979) but 
in these cases, growth was probably permitted by localised pH differences 
or increase in pH by mould growth.
The growth inhibitory pH values were generally raised when other factors 
(e.g. temperature and Aw) were sub optimal (e.g. Oyhe & Christian, 1966; 
Segner, et al, 1966; Baird-Parker & Freame, 1967; Ito & Chen, 1978).
The interaction between pH and limiting Aw is also well established 
(Ohye &.Christian, 1966; Baird-Parker & Freame, 1967; and others).
The heat resistance of microorganisms is known to be altered by changes 
in pH values (e.g. Hansen & Riemann, 1963; Roberts & Hitchens, 1969) and 
Cl. botulinum is no exception.
Spores of Cl. botulinum have lower heat resistance as the pH value is 
reduced from neutrality (Xezones & Hutchings, 1965; Odlaug & Pflug, 1977a; 
Smelt, et al. 1977).
Cl. botulinum spores can remain viable for considerable periods of time 
at reduced pH values, although Odlaug & Pflug ( 1977b) demonstrated an 
approximately 30% decrease in number of spores after 180 days at 22° 
and 32°C.
Some weak acids, e.g. acetic acid, are known to be more inhibitory than 
strong inorganic acids such as hydrochloric acid (Ingram, et al. 1956).
For example, at pH 3, acetic acid may be 10 - 100 times more inhibitory 
than a strong acid such as hydrochloric acid (Lueck, 1980).
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The inhibitory effect of weak organic acids may be due to, not only the 
low pH value but also, the undissociated acid. The undissociated form 
has a greater inhibitory effect than the ionised form because the 
undissociated molecules can penetrate cell walls more readily.
At low pH, e.g. 5*0> hydrochloric acid would still be ionised and the 
inhibitory effect would reflect that due to the pH only. However, 
acetic acid, which has a dissociation coefficient (pK) of 4.75, would 
be largely undissociated at pH 3.0. Thus inhibition by acetic acid 
would be due to both the low pH and the undissociated acid.
It is well known that the antimicrobial activity of some preservatives 
also depends upon the pH value of the environment.
2.5.1 Preservative s
’Preservative* means ’’any substance which is capable of inhibiting, 
retarding or arresting the growth of microorganisms or any deterioration 
of. food due to microorganisms or of masking the evidence of any such 
deterioration” (Preservatives in Food Regulations, 1979) • Of the many 
antimicrobial substances only a few are permitted in foods and include 
organic acids and their salts (e.g. benzoic acid, parahydroxybenzoic 
acid esters, .sorbic acid, propionic acid and acetic acid), sulphur- 
dioxide, nitrite, nitrate and antibiotics (nisin and pimaricin).
The desirable properties of food preservatives have been discussed 
by Ingram, et al, (1964) and Kimble, ( 1977)« The properties, factors 
affecting the action and uses of preservatives have been extensively 
studied and have been reviewed, for example, by FAO/WHO ( 1971 ), 
Chichester & Tanner, (1972), Jarvis & Burke, (1976), Kimble (1977) and 
Jarvis (1981).
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literature on the antimicrobial effects of the various preservatives 
is extensive and, therefore, only the antimicrobial effects of benzoic, 
parahydroxybenzoic, propionic and sorbic acids are reviewed in detail•
The majority of preservatives are weak organic acids and only their 
undissociated form has been shown to be active. Thus, the activity
of a given concentration of preservative would depend on the pH value, 
because a decrease in pH value increases the percentage of the 
undissociated form (Chichester & Tanner, 1972; Freese, et al, 1973; 
Hunter & Segal, 1973? Lueck, 1980; and others)• The inhibitory 
effect of preservatives such as sorbic, benzoic, parahydroxybenzoic and 
propionic acids must be considered, therefore, in association with the 
pH value.
2.5.2 Sorbic Acid
Sorbic acid is the trans-trans form of hexa-2, 4-dienoic acid with 
the following structural formula: CH^ - CH = CH - CH = CH - COOH.
Sorbic acid is a doubly unsaturated, aliphatic, straight-chain 
monocarboxylic acid. The potassium and sodium salts of sorbic acid 
are called sorbates.
The antimicrobial action of sorbic acid is due to the inhibition of 
various enzymes and substrate uptake into cells (Freese, et al, 1973). 
Enolase and lactate dehydrogenase have been shown to be inhibited in 
the carbohydrate metabolism of E. coli (Rehm, 1967). The citric acid 
cycle has also been shown to be affected (Rehm, 1967; and York & Vaughn, 
1964). The effect of sorbic acid on catalase-positive organisms was 
suggested to be due to the influence on catalase and peroxidase 
(Lueck, 195ô).
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The mode of action in 01. botulinum or other clostridia is not known.
The antimicrobial activity of sorbates depends on the pH value of the 
system, as only free, undissociated sorbic acid is effective (Hahn &
Conn, 1944; Freese, et al. 1975; Hunter & Segal, 1973)• The main use 
of sorbates is to inhibit growth of moulds and yeasts (e.g. Patel, 1977; 
Lueck, 1980) and is more effective than benzoate, particularly at pH 
values near neutrality (FAO/WHO, 1971; Pitt, 1974)•
Many bacteria are also inhibited by sorbates (e.g. Bell, et al, 1959; 
Lueck, 1976).
Emard and Vaughn (1952) observed that sorbic acid had a greater activity 
against catalase +ve organisms than catalase -ve organisms, but among 
the catalase -ve organisms, clostridia were more resistant to sorbic 
acid than other bacteria. Consequently, sorbic acid was used in a 
selective medium for clostridia (York & Vaughn, 1954)• In subsequent 
studies Cl. botulinum was found to be resistant to sorbic acid (York & 
Vaughn, 1955; Hansen & Appelman, 1955)•
Presumably as a direct consequence of these reports further studies 
with Cl. botulinum and sorbic acid were not reported until Tompkin, et al 
(1974) observed that the growth of Cl. botulinum in cooked uncured sausage 
was retarded by sorbic acid. The antibotulinal effects of sorbic acid 
have since been confirmed in meat products. Sorbates have been shown 
to inhibit Cl. botulinum at slightly reduced pH values and the effect 
was enhanced when combined with nitrite and/or salt and/or polyphosphate 
(Ivey, et al. 1978 a, b; Jarvis, et al. 1979; Sofos, et al, 1979a,
1980a; Patel, et al, 1979).
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2.5.3 Propionic Acid
Propionic acid is a member of the aliphatic monocarboxylic acid series 
with the following structural formula: CH^ - CE^ - COOH
Propionic acid has a strong odour and is corrosive. Therefore, the 
calcium, potassium or sodium salts (propionates) are used in the food 
industry, largely for the preservation of bread and cheese.
As with other acidic preservatives, the undissociated form of propionic 
acid is effective (Cruess & Richert, 1929; Olsen & Macy, 1946). The 
activity has been shown to be due largely to the accumulation of 
propionic acid in cells which causes competitive inhibition of metabolism 
(Lueck, 1980).
Propionates are more effective against moulds than yeasts and are 
generally considered to be ineffective against most bacteria (Chichester 
& Tanner, 1972). The notable exception, B. mesentericus (now called 
B. subtilis), which causes 1 ropiness * in bread, has long been known to 
be inhibited strongly by propionates (Watkins, 1906).
Other bacteria, e.g. Staph, aureus. Ps. aeruginosa. E. coli. Salmonella sp. 
and Bacillus sp. have also been shown to be sensitive to propionate 
(Heseltine & Galloway, 1951 )> and at one time propionate was used 
clinically (Theodore, 1966). Unfortunately, the effect of propionate 
on Cl. botulinum or other clostridia has not been reported.
2.5.4 Benzoic acid and related compounds
Benzoic acid and p-hydroxybenzoic acid esters have the following structural 
formulae:
Benzoic acid p-hydroxybenzoic acid
COOH
The sodium salt of benzoic acid (benzoate) is commonly used because 
it is more soluble in water than the free acid. The sodium salts of 
p-hydroxybenzoate esters (parabens) are more soluble in water than the 
acids but rapidly undergo hydrolysis during storage (Lueck, 1980).
Benzoates have been shown to inhibit oxidative phosphorylation and 
the citric acid cycle (Bosund, 1962) as well as affecting cell membranes 
(Wyss, 1948; Freese, et al, 1975) • The antimicrobial activity is 
due to the undissociated acid, the concentration of which is dependent 
upon the pH value.
Benzoate is effective against a range of bacteria, yeasts and moulds 
(FAO/WHO, 1971 » Chichester & Tanner, 1972; Lueck, 1980). Information 
concerning the inhibition of Cl. botulinum by benzoate is scarce. 
However, Gudding & Hordal (1976), reported the inhibition of type E 
with 500 ppm sodium benzoate at pH 5*5*
The mode of action of parabens is probably due to the destructive 
effect on cell membranes (Lueck, 1980) and the activity is related to 
the chain length, the propyl ester being more effective than methyl 
ester (Schelhom, 1955) •
The antimicrobial activity of parabens in foods is largely independent 
of pH (Aalto, et al. 1955)• The esters are non-dissociating compounds 
at pH values below 7*0 because of the high pK value (~8.5).
C - OR
R = CH^ - methyl ester 
CgEç. - ethyl ester 
C^H^ - propyl ester
-  33 -
Cl. botulinuin was shown to be inhibited by 200 ppm propyl-parabens in 
the pH range 5 - 6  (Schelhom, 1953) • The parabens, despite their 
strong antimicrobial effects, have a limited application in foods due 
to the low solubility in water and their strong undesirable taste even 
at low concentrations (Aalto, et al. 1953)•
2.5.5 Nitrite and nitrate
Salts containing nitrate (saltpetre) have been used for centuries in 
cured meats, but the direct addition of nitrite has only been practiced 
since the 1920 !s (Binkerd & Ko lari, 1975) • The main function of
nitrate (which is now not used widely) is as a source of nitrite and
possibly for flavour in unheated cured meats (Taylor & Shaw, 1975).
Nitrite is important, not only for the characteristic flavour and
colour of cured meat, but also for the inhibition of 01. botulinum.
The antibotulinal properties of nitrite have been studied extensively 
(see, for example, Bhodes, 1979; Benedict, 1980 and Jarvis & Patel, 
1980). The inhibition of 01. botulinum in cured meats has been shown 
to be due, not solely to nitrite but also to the complex interactions 
between nitrite, NaCl, pH, thermal processing as well as the temperature 
and duration of storage. The addition of sorbate and polyphosphates 
has also been shown to enhance the inhibitory effects of nitrite (e.g. 
Jarvis, et al, 1979; Sofos & Busta, 1980a).
2.6 Interactions
It is clear that the principle preservation methods, i.e. temperature, 
Aw, pH and preservatives, when used singly, are capable of inhibiting 
growth and toxin production by 01. botulinum. However, it is not 
always possible or desirable to use any one method for all foods. In
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practice, many foods are preserved by combinations of these methods.
The combined effects could be synergistic, additive or antagonistic.
The possible combinations of temperature, Aw, pH and preservatives are 
numerous and only a few have been investigated.
With respect to Cl. botulinum. the interactions of Aw/pH/storage 
temperature and Aw/pH/storage temperature/nitrite/heat, are well 
established as discussed previously. The interactions between Aw 
(humectants), pH and preservatives (other than nitrite) have not been 
investigated with respect to Cl. botulinum.
2.7 Intermediate Moisture Foods (IMP*s)
There appear to be some differences in the description of IMF's in 
terms of the range of Aw levels. The Aw levels of IMF's range from 
O.65 - 0.9 (Karel, 1976), O.65 - 0.85 (Robson, 1976), 0.6 - 0.9 (Leistner 
& Roedel, 1976), 0.7 — 0.85 (Roberts & Smart, 1976), etc. In general, 
IMF's could be considered to have Aw levels of approximately 0.8 with a 
range extending from 0.6 - 0.9.
In traditional IMF's, e.g. Salami, 'dry' ham, jams, honey, some dried 
fruits and fruitcakes, the Aw is reduced by drying or by the addition 
of salt and/or sugar (Acott & Labuza, 1975). In new IMF's, e.g. pet­
foods, spacefoods and some pie fillings, the required Aw is achieved by 
moist infusion (soaked or cooked in appropriate humectant solutions), 
infusion (dehydrated food soaked in an appropriate solution) or by 
'blending' (all components mixed together) (Kaplow, 1970). Humectants 
such as salt (NaCl), sugars and polyhydric alcohols may be used to reduce 
the Aw levels.
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The pH values of IMFfs are generally >5.0 (Karel, 197^). Therefore, 
at Aw levels <0.9 and pH >9.0, growth of 01. botulinum and most "bacteria 
would be inhibited. However, growth of moulds and yeasts would be
possible but could be controlled by the addition of preservatives e.g. 
sorbate, benzoate and propionate, or by heat. The combination of 
propyleneglycol and sorbate has been used for the inhibition of moulds 
in IM petfoods (Measures & Cheney, 1981 )• The mild heat processes 
necessary for the inactivation of most moulds and yeasts would not be 
sufficient, however, to inactivate bacterial spores including those of 
Cl. botulinum.
IMF's are not normally associated with botulism, but IMF's contaminated 
with Cl. botulinum could lead to infant botulism. Rehydration of IMF's 
and subsequent abuse could also lead to botulism although there is no 
evidence for such an incident.
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CHAPTER 5 
ASSESSMENT OF MEDIA SYSTEMS
3.1 Introduction
A model medium system was required for the proposed experimental work, 
which could be prepared easily and cheaply for the various experimental 
conditions. Because of the need to enumerate Cl. botulinum, systems 
containing meat would be unsuitable. The presence of particulate 
matter would have an adverse effect on the errors involved in counting 
microorganisms. Of the commonly used media for clostridia, Reinforced 
Clostridial Medium (RCM) and Tryptone Soya Broth (TSB) appeared to be 
the most suitable. They were inexpensive, readily available and did 
not contain any selective agents or other additives which might interact 
with the humectant, preservative, etc. being studied.
The proposed experiments required the addition to the system of humectants 
and acid which might have caused changes in the properties of the system, 
other than Aw or pH. For instance, complex media e.g. RCM and TSB 
contain large protein molecules which could be altered by changes in 
conditionc <■ An alternative, simple system was, therefore, required. 
Buffered Peptone Water (BPW) which was not commercially available at 
the onset of the experimental work, was eventually considered; although 
some preliminary experiments had already been carried out with TSB 
systems. BPW was not very suitable for luxuriant growth of clostridia, 
but appeared more suitable for pH and Aw adjustment than the other 
more complex media.
The suitability of RCM, TSB and, later, BPW was investigated for the 
addition of humectants and acid and also for growth of Cl. botulinum.
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3*2 Materials and Methods
3.2.1 Preparation of systems
The test systems were prepared from concentrated medium and stock 
solutions of the required additives. The media were prepared from 
commercial dehydrated media at 10 x normal recommended concentration 
to permit subsequent dilution with additives and inoculum. However, 
the commercially available ROM contains agar to maintain anaerobiosis, 
and the concentration of agar in the concentrated stock medium rendered 
it unusable. Also, agar-containing test systems would have led to 
problems with subsequent distribution of additives and inoculum. The 
concentrated stock RCM was, therefore, prepared from individual ingredients 
of the recipe but with omission of the agar.
The test systems were prepared in bulk to contain all the necessary 
additives, sterilised and then inoculated. The procedure is outlined 
below for preparation of ten replicates containing the necessary 
additives and inoculum.
Concentrated stock medium (lOg) was mixed with up to 60g of humectant 
and/or preservative stock solutions. If less humectant/preservative 
was added, the remainder was made up with water. For pH adjustment, 
up to 20ml of 1NHC1 or 1N NaOH was used. The pH value was determined 
electrometrically using a Pye pH meter (model 290) with a combined glass 
electrode. The bulk was finally made up to 90g with water, and auto clave d 
after recording the weight. The weight was checked after autoclaving 
and the lost water replaced with sterile distilled water. In batches 
where the weight had increased only slightly (due to uptake of water) 
the additive levels were recalculated accordingly. The systems were
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then either inoculated with 10ml of spore/cell suspension and then 
dispensed in 10ml amounts or the bulk was dispensed in 9ml amounts and 
then each tube/bottle inoculated with 1 ml inoculum. The medium in 
each tube was overlaid with sterile molten agar (3% w/v) to maintain 
anaerobio sis.
The concentrations of stock media and the sterilisation processes 
used for the systems were as follows:
Medium Stock
Concentration
Sterilisation 
Process for System
RCM without agar 37.5% 7V 115°C for 20 min
TSB 30.(% " 121°C for 15 min
BPW 20.0% " 121°C for 15 min
3.2.2 Assessment of systems
(a) Effect of system on growth
The effects of RCM and TSB systems (when prepared as described previously) 
on the growth of Cl. botulinum were assessed. The systems were prepared 
without humectant or preservative, inoculated with heat shocked spores* 
of Cl. botulinum type B, and the tubes sealed with an agar plug.
The total viable counts (colony forming units - c.f.u.ml'™'*) were 
determined initially and after three days' incubation by the drop count 
method (Miles & Misra, 1938) on Horse Blood Agar (Oxoid). Duplicate 
plates were incubated for three days at 30°C in anaerobe jars filled 
with 95% 7 V H2 and 5% 7 V COg.
"When BPW became available, the system was similarly assessed, but 
freshly prepared cysteine-HCl was added to the systems to maintain
* HW sLtk "7()*
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anaerobio sis. The growth of Cl. botulinum types A, B and E was 
assessed as above.
(b) Effect of additives on medium
The systems were prepared containing various NaCl levels and adjusted 
to different pH values. Salting out and precipitation were checked 
visually before and after autoclaving. The changes in pH values due 
to autoclaving and final dilution were also determined. The effects 
of other humectants (sucrose, propylene glycol and glycerol) were not 
assessed as salt was the most likely to cause problems.
3*3 Results and Discussion
The systems prepared from concentrated RCM and TSB did not affect the 
rapid growth of Cl. botulinum and as expected (Table 3.1 ) the numbers 
of c.f.u.ml  ^of Cl. botulinum increased from ^ 10^ to within three
days at 30°C when other additives were absent.
The effect of the preparation method and the addition of NaCl on the 
pH value of systems is shown in Table 3.2. The final pH value of RCM 
prepared from the x 10 concentrated stock was significantly lower than 
the medium prepared single strength (as recommended by the manufacturer). 
The pH values of TSB systems were not affected by the method of 
preparation.
The addition of HaCl had only a slight effect on the pH value of both 
systems. However, strong salting out and precipitation was observed 
in the RCM systems at concentrations above 16% (w/^) HaCl, whereas 
only slight precipitation was observed in the TSB systems. From 
these preliminary results, it was clear that RCM systems would not be 
suitable for pH and Aw adjustments, as precipitation of the proteins
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Table 5.1 Growth of Cl. botulinum type B in liquid 
media prepared from concentrated stock
Medium Total viable count (c.f.u. ml at
tested Day 0 Day 3*
RCM 7.2 x 101 6.8 x 108
TSB 9.0 x 101 8.3 x 108
* after incubation at 30OC
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might lead to unknown variations or effects. The TSB system was 
evaluated further.
The pH values after preparing the complete TSB systems at different pH 
and Had concentrations, and also after autoclaving are shown in Table 5*3» 
Only slight changes in pH values were observed after preparing and 
autoclaving the complete medium. Such small variations could easily 
be rectified by adjusting the pH to values above the required final 
pH value. Also only slight precipitation was evident in systems at 
the low pH values and high HaCl concentrations after autoclaving.
"When BPW became available, salting out and growth characteristics were 
evaluated. Salting out and precipitation were not observed in BPW 
systems at pH 4.0 and 6.0 with Had concentrations of up to 23% (W/w).
The adjustment and stability of pH values after autoclaving the BPW 
systems were also satisfactory.
Growth of 01. botulinum in BPW systems was not evident probably due to ' 
lack of sufficient anaerobio sis despite the use of an agar plug. It 
was necessary, therefore, to use a reducing agent but one which was 
known not to affect clostridial spores. L-cysteine-HCl was selected 
as Mossel and Beerens (1968), and Hibbert and Spencer (1970) had shown 
that L-cysteine could be used to reduce Eh values without inhibiting 
the organisms. As shown in Table 3*4» the addition of 0.1% W/v 
cysteine-HCl, significantly improved the growth of 01. botulinum.
However, the growth was not as luxuriant in BPW + cysteine as in TSB 
(~.106 - 10^ after four days c/f > 108 after three days).
Growth of 01. botulinum was assessed also in the TSB systems (for the 
subsequent growth studies) after vigorous mixing (with a *Whirlimix* )
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Table 5«4 Growth of 01. botulinum from spores 
in BPW systems
Concentration of 
cysteine (% w/w) 
in BPW
01. botulinum 
Type
Total viable count (c.f.u. ml ) 
Initial After 4 days at 30°C
A 9 x 101 4 x 102
0 B 9 x 101 8 x 101
E 8 x 101 2 x 102
A 9 x 101 8 x 102
0.05 B 6 x 101 8 x 101
E 8 x 101 9 x 102
A 6 x 101 5 x 106
0.1 B 9 x 101 4 x 107
E 8 x 101 2 x 106
■
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of the inoculated system and then sealing with agar. Whereas in the 
previous assessment only gentle mixing was used and growth occurred 
without the addition of cysteine (Table 3»*0> vigorous mixing (required 
to distribute the inoculum) prevented the growth of Cl. botulinum 
presumably as a result of increasing the redox potential. The addition 
of cysteine-HCl (0.1%) to TSB permitted growth even after vigorous 
mixing.
5.4 Conclusions
After the initial assessment of RCM and TSB systems, it was clear that 
RCM was not suitable for pH and Aw level adjustments. Therefore, TSB 
systems were used for some preliminary experiments to study survival of 
Cl. botulinum.
After the evaluation of BPW systems, it was concluded that BPW systems 
were more suitable than TSB systems for pH and Aw adjustment, particularly 
with high humectant levels and low pH values. The BPW plus cysteine 
system was, therefore, used for subsequent survival and heat resistance 
studies where high humectant levels were used.
For the growth studies, described in Chapter 5> lower humectant levels 
were used in the TSB plus cysteine system.
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CHAPTER 4-
STJEVTVAL OF CLOSTRIDIUM BOTULBfUM SPORES 
ADD CELLS IN MEDIA AT VARIOUS pH ADD Aw LEVELS
4.1 Introduction
Growth and toxin production by Cl. botulinum is inhibited in IMF1 s 
as a result of the low Aw levels. However, the spores and cells 
could remain viable in the food depending upon the treatment given.
The relatively mild heat treatment envisaged for IMF* s would not 
necessarily destroy the spores and if they remained viable during the 
shelf-life of the product, unnecessary hazards could be introduced 
particularly if IMF*s are subsequently rehydrated.
The traditional IMF* s have been prepared with the general assumption 
that spores and probably cells could survive for long periods. 
Nevertheless, IMF1s are still considered 1 safe1 products because their 
composition does not allow growth of viable organisms and their 
consumption does not, at present, alter these inhibitory conditions. 
However, with the possibility of wider applications for the technology, 
the safety of new IMF's could be questioned, e.g. for infant IMF's 
or IMF's for subsequent réhydrations without further treatment. In 
such circumstances, the advantages for using certain combinations of 
humectants, preservatives, pH values, heat processes, etc., which not 
only inhibit growth but also inactivate the spores and cells of 
Cl. botulinum. would be considerable. Unfortunately, the effects of 
such combinations have not been reported to date.
The experiments reported here were undertaken to search for combinations 
of humectant, preservative, pH value and heat treatment which could
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inactivate spores and cells of Cl. botulinum during storage. Although, 
in practice, several humectants could be used in combination, these 
experiments were undertaken to study the effects of single humectants 
in combination with other parameters.
The experimental work was initiated with a study of survival of both 
spores and vegetative cells of Cl. botulinum in salt-containing systems 
(TSB): primarily to extend the work of Pederson (1957) and Rhodes (1979)
and also to investigate the suitability of the system. The work was 
continued using the BPW system containing humectants and preservatives, 
at various pH values and after various heat treatments (for spores only).
The survival of cells (Expts I and II) and spores (Expts III - Vi) are 
reported separately.
4.2 Survival of Cl. botulinum cells
4.2.1 Materials and methods
4.2.1.1 Preparation of inoculum
(a) Preliminary experiment to determine optimum conditions
The vegetative cell inocula were required without the presence of spores 
or other components (e.g. meat particles) which could cause unknown 
variations to the conditions under test. A preliminary experiment was 
undertaken to determine the most suitable conditions, for obtaining 
maximum yields of vegetative cells.
Freshly steamed (J hour) RCM (20 ml amounts) was allowed to cool and 
then inoculated with 1 ml of either a heat shocked (10 minutes at 70°C) 
spore suspension or an actively growing culture (18 hours at 30°C) in 
RCM. The total numbers of cells (unheated) and spores (after heating
- 48 -
for 1 hour at rJO°C to inactivate vegetative cells) were determined on 
duplicate samples initially and after incubation of the RCM for 24 or 
48 hours at 30°C ,
The results (Table 4»1) showed that after inoculation of RCM with an 
actively growing culture, a large number of spores were present both 
initially and following incubation.
In the case of the RCM inoculated with a spore suspension, almost 
all the spores had germinated and multiplied without sporulating for 
up to 24 hours, but after 48 hours sporulation was evident. It was 
clear that inoculation of RCM with heat-shocked spores would be suitable 
for obtaining a spore-free cell inoculum after 24 hours incubation.
(b) Preparation of vegetative cell inoculum
Freshly steamed RCM (20 ml amounts) was inoculated with 1 ml of a heat 
shocked spore suspension to give approximately 10  ^- 10^ spores ml”  ^
and incubated for 24 hours at 30°C. The inoculum was diluted and 
used immediately without any washing treatments.
4*2.1.2 Preparation of test systems and inoculation
The TSB (for Expt. I) and BPW (for Expt.il) systems were used to study 
the survival of Cl. botulinum cells. The systems were prepared in 
900 g amounts. The amounts of NaCl and concentrated culture medium 
(100 g of 30% TSB or 20% BPW) to give the required final concentration 
(Table 4*2) were added to approximately 800 ml of distilled water and 
the pH values adjusted using 1N HC1. The systems were completed by 
making up with distilled water to 900 g. After recording the weights, 
the test systems were sterilised at 121°C for 15 minutes. The weights 
were checked and the lost water was replaced.
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Table 4» 1 Vegetative cell yield in RCM of Cl. botulinum Type A
Type of 
inoculum
Colony Count (c.f.u. ml~^) after 
incubation at 30°C for (hrs)
0 24 48
Heat shocked 
(70°C 10 mins) 
spores
Total*
Spores**
Vegetative cells***
2.6 x 104
2.6 x 104 
0
3.5 x 107 
<80
3.5 x 107
1.4 x 107
8.4 x 104
1.4 x 107
Actively 
growing 
culture in RCM
Total
Spores
Vegetative cells
5.0 x 105 
4.2 x 105 
0.8 x 105
3.1 x 107 
1.4 x 104
3.1 x 107
1.5 x 107
4.4 x 105
1.5 x 107
Total viable count 
Viable spore count
Total viable count - viable spore count
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Table 4-. 2 Parameters and levels tested for survival of 
Cl. botulinum cells and spores
Parameter Expt. I* and III* Expt. II*
Cl. botulinum A , B and E A
type and level 105 105
Target NaCl (% W/w) 20, 16, 12, 10, 6 23- 14, 2
Target pH value 6.0 4.0 and 6.0
Medium used TSB BPW
Incubation 25°C 25°C
*Expt. I - cells of type A
Expt. II - C&il5 of type A
Expt.Ill - spores of type A, B and E
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Each test system was inoculated with 10 ml diluted cell inoculum per
r £
90 g system to give 10  ^- 10 cells ml” , and aseptically dispensed 
in~20 ml amounts into sterile Universal bottles. Control samples 
were prepared after adding 10 ml sterile water to 90 g system.
4.2.1.3 Storage and examination
The total viable counts and viable spore counts were determined for 
duplicate samples from each test system, initially and after storage 
at 25°C for various periods of time.
The counts were determined by the drop count method (Miles & Misra,
1938) on Horse Blood Agar (Oxoid). Duplicate plates were incubated 
for three days at 30°C in anaerobe jars filled with 95% v/v H2/5% v/v GOg. 
The total viable counts were determined on unheated replicates and the 
viable spore counts determined after a pasteurisation process (1 hour 
at 70°C) to kill vegetative cells.
The pH value for each test system was determined electrometrically using 
a Pye pH meter (Model 290) with a combined glass electrode.
4*2.2 Results and Discussion
The parameters tested to study survival of vegetative cells of Cl. botulinum 
are shown in Table 4.2. The pH values determined for the batches 
prepared for the two experiments are shown in Tables 4*3 and 4.4, 
together with the final NaCl concentrations and calculated Aw levels.
The pH values of the TSB systems had unexpectedly increased slightly 
after autoclaving. The pH values of BPW systems were slightly below 
the target value. Nevertheless, all the post-autoclave pH values were 
within acceptable limits. The TSB systems containing 19.3% W/w NaCl 
also showed slight precipitation and salting out.
Table 4.5 NaCl, Aw and pH values of TSB systems used 
for Experiment I and Experiment III
Batch
Final 
salt concentration
(% % )
Final pH 
value
Calculated
Aw
(1) (2)
A 19.5 6.24 0.85 0.81
B 16.0 6.28 0.88 0.85
C 11.9 6.24 0.92 0.88
D 10.0 6.20 0.93 O.9O
E 5.5 6.23 0.97 0.95
(1) = Scott (1957)
(2) = Sloan & labuza (1975)
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Table 4.4 NaCl, Aw and pH values of BPW systems used 
for Experiment II
Batch Salt concentration 
(% 7w)
Calculated
Aw
(1) (2)
Final pH 
value
1 23.3 0.80 0.78 3.90
2 14.3 0.90 0.86 3.91
5 1.9 0.99 0.98 3-98
4 23.3 0.80 0.78 5.84
5 14.3 0.90 0.86 5.91
6 1-9 0.99 0.98 5.99
(1) = Scott (1 9 5 7 )
(2) = Sloan & Labuza (1 9 7 5 )
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The total viable colony counts and viable spore counts for experiments 
I and II, initially and after storage are shown in Tables 4*5 and 4«6, 
respectively. Despite great efforts to obtain pure vegetative cell 
inocula, ça 10% of the initial total viable counts was shown to consist 
of spores.
In experiment I (Table 4»5) as expected, after four days' storage at 
25°C, slight growth had occurred in systems containing 5«5% NaCl as 
indicated by an approximately 1 log^ cycle increase in total viable 
count. In the presence of higher NaCl concentrations, growth was not 
expected to occur and the total viable counts did not alter appreciably 
during four days' storage. However, the proportion of spores had
increased markedly during four days (up to 80%) indicating that the 
vegetative cells had sporulated.
The repeat experiment II (Table 4*6) undertaken with limited NaCl 
concentrations, demonstrated that at pH 4> sporulation (>60% spores) 
occurred within half an hour after inoculation and thereafter the 
proportion of spores and total viable counts remained reasonably constant. 
In systems at pH 6, although >85% spores were detected within half an 
hour at the 14» 3 and 1.9% NaCl levels, only ~ 40% spores were detected 
after three hours at the 23.3% NaCl level, and after twenty-four, hours, 
the proportion of spores had increased to 80%.
Certain nutrients are needed for sporulation (Vintner, 1969). However, 
once the cells were committed to sporulation, spores would be formed, 
particularly if adverse conditions were experienced. It appears that 
in these experiments, the vegetative cells of the inoculum were already 
committed to sporulation and formed spores readily when inoculated into 
the test systems where the conditions were different from those in the
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inoculum culture. However, the slower sporulation at 25.0% NaCl/pH 6.0 
than at lower salt or pH levels remains inexplicable.
Many food components are likely to he contaminated with Cl. botulimim 
spores which would be capable of growth if the food was not preserved 
adequately. The possibility, therefore, exists for the presence of 
vegetative cells in foods, although their occurrence in foods has not 
been demonstrated to date (Sebald, et al, 1980).
These results indicate that in IMF's, which have been prepared from 
high Aw foods contaminated with vegetative cells, sporulation may occur 
after reduction of Aw level. Under such circumstances, survival or 
death of remaining vegetative cells would be of minor significance.
Survival studies with Cl. botulinum type E cells were also undertaken. 
Unfortunately, spore free inocula were not obtained (inocula contained 
>50% spores).
Due to sporulation, the survival of the remaining vegetative cells 
(total viable count - viable spore count) was difficult to monitor and 
further investigations with combinations of humectant, preservatives 
and pH were not undertaken.
It should be noted that Aw levels were not determined, and in Tables 4» 5 
and 4» 4, the corresponding calculated Aw levels are given. Depending 
upon the reference isotherm used (Scott, 1957; Sloan & Labuza, 1975), 
differing Aw levels were obtained. Therefore, only the concentration
of the humectant should be relied upon.
4*3 Survival of spores
4.5.I Materials and methods
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4.5«1•1 Preparation of spore inocula
Spores of Cl. botulinum types A, B and E were prepared in the Trypticase 
Peptone Thioglycollate medium of Schmidt and Hank (i960). For type E 
spores 0.4% W/v glucose was added to the sporulation medium. The 
sporulation medium was inoculated with ^ 1% (V/^) of an eighteen hour 
culture in CMB and incubated at ^Q°Q until a high proportion (>90%) of 
cell-free phase bright spores were observed microscopically (approximately 
4 - 6  days).
The spores were harvested by centrifugation for thirty minutes at 
22,000 g and 4°C. The spores were then washed four times in sterile 
distilled water and stored as a concentrated suspension in water at 4°0 
for at least one month before use to obtain cell-free spores.
4.3.1.2 Preparation of test systems and inoculation
For the preliminary experiment (ill) to study the survival of 01. botulinum 
spores types A, B and E, TSB systems were prepared with various NaCl 
concentrations (Table 4«5)> adjusted to pH 6.0, and inoculated as 
described for survival of cells.
The systems for the subsequent experiments (IV - Yl) were prepared with 
BPW (+^cysteine -HCl). The systems were prepared at the levels shown 
in Tables 4*7» 4»8 and 4*9 in 250 g amounts with the following;
25 ml of 20% W/v BPW (to give 2% in final system) ;
10 ml of preservative (6.7% W/v Potassium sorbate or 9-7% W/v
Sodium propionate); the required weight of humectant and 
water; and finally, the pH adjusted with 1NHC1.
The batches for experiment VI (Table 4*9) were prepared in 2 kg amounts
to provide more replicates, using proportionally increased quantities of 
BPW, humectant and preservative.
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Table 4.7 Experimental parameters to study survival of
Cl. botulinum spores types A and B (Experiment TV)
Humectant
(% 7w)
Calculated
resultant
Aw
Preservatives 
(mgl  ^of total) pH
HaCl
(20.8)
Glycerol
(48.1)
Propylene- 
glycol
(46.9)
0.80
0.80
0.80
Sorbic acid * 
(2000)
Propionic ** 
acid
(3000)
none
5*0
>X
6.0
* as Potassium sorbate
** as Sodium propionate
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Table 4-» 8 Experimental parameters to study survival of
f fare i
01. botulinum^type B (Experiment V)
Humectant Calculated.
resultant
Aw
Pres ervatives pH
none
Propylene-
glycol
46.9
0 . 9 9
0.80
none
!> x
Sodium 
propionate 
(3000 mgl"1)
>X
5.0
6.0
w
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Each test system was dispensed in 25 ml amounts into Universal bottles 
with tight rubber lined tops to prevent loss or gain of water during 
sterilisation for fifteen minutes at 121°0.
The required number of 25 ml replicates of each batch were inoculated 
with 0.04 ml of diluted spore suspension of either type A or B using 
a calibrated Davis pipette. Uninoculated controls were prepared with 
0.04 ml sterile water.
Half the replicates for experiment VT were pasteurised for seven minutes 
at 80°C and then held for one hour at 70°C to give a process equivalent 
PqqOq of 6.65 minutes.
.4«3*1«5 Storage and examination
The number of viable spores was determined in duplicate samples, before 
and after further heat treatments, initially and after storage at 25°C 
(Experiments III, IV & VI) or 25°C and 30°C for experiment V.
Uninoculated control samples from each batch were also stored and
periodically checked for contamination.
The pH value and Aw levels (for some batches) were determined initially 
on uninoculated samples.
The Aw levels were determined by the manometric method using the Taylor 
apparatus (Taylor, 1961).
4.3*2 Results and discussion
4.3.2.1. Experiment III
The UaCl content (input) and the pH values of the TSB systems used for 
this preliminary experiment (concurrent with experiment l) without
-  63 -
preservatives are shown in Table 4.3. The pH values were within 
acceptable limits of the target values.
The number of spores in the systems initially and during storage at 
25°C for up to seventy days are shown in Table 4.10. An increase in
count was observed after fifteen days storage in systems containing 
5%  salt (results not shown) and further counts were discontinued.
The results, as expected, show that Cl. botulinum types A, B and E 
spores survived in systems containing 10 - 19.3% W/w NaCl and agree 
with the findings of Pedersen, (1957) and Rhodes, (1979).
The changes in spore counts during storage did not show any consistent 
trends and the slightly reduced type E spore count (approximately
0.5 log^) after seventy days could not be considered important due to 
the inherent variability of enumeration methods. The presence of 
HaCl did not appear to affect the recovery of spores on Horse Blood 
Agar Plates (HBA) and the use of ERA for enumeration of spores for 
subsequent experiments was continued.
4.3*2.2 Experiment TV"
The effects were studied of combinations of humectants and preservatives 
(Table 4*7) on the survival of Cl. botulinum types A and B spores using 
the BPW + cysteine system. The effect on type E was not investigated 
because from experiment III there were no clear differences between the 
types and also to reduce the number of parameters under test at any one 
time. Only one level of humectant was used because from experiment III, 
intermediate levels (with NaCl) did not appear to affect the stability 
of sporeso
The pH values, input humectant concentrations and calculated Aw levels 
for the various batches are shown in Table 4o11. The pH values of
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final systems were within acceptable limits of the target.
The spore counts determined, before and after pasteurisation (1 hour at 
70°C), on unstored and stored replicates from each batch are shown in 
Tables 4*12 to 4-16.
Cl. botulinum type A spores, stored in the presence of the humectant/ 
preservative combinations at both pH 5*0 (actual pH 4*85 - 5» 1?) and 
pH 6.0 (actual pH 5.86 - 6.02) remained viable for up to seventy-four 
days as shown in Tables 4* 12 and 4« respectively.
Although the counts changed by up to ~1 logv. cycle, there were no 
consistent reductions in the number of spores in any system. This 
was not unexpected. However, the counts after the pasteurisation 
process were generally, but not always, slightly lower than the unheated 
counts. Unfortunately, the reductions due to heat were not large 
enough to show any clear effects but suggested that slight sensitisation 
was probably occurring.
The numbers of Cl. botulinum type B spores stored in NaCl (Table 4* 14) 
and glycerol (Table 4.15) systems were reduced during storage by up to 
approximately 2 log^ cycles, particularly in systems at pH 5. 
Unfortunately, the reduction in viable numbers was not consistent with 
any particular humectant/preservative combination, although propionate 
apparently had a greater effect in some instances. Slight sensitisation 
to heat was again indicated by the lower counts after pasteurisation, 
however, no one combination was consistently or strongly effective.
In systems containing propylene glycol as humectant and inoculated with 
type B spores, the numbers of viable spores were reduced considerably 
during storage for fourteen days at 25°C (Table 4* 16) at both pH values. 
The reduction in numbers was greater in systems at pH 5 (~4 log^) than 
at pH 6 (~3 log).
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Table 4.12 Survival of Cl. botulinum type A spores in EEW
systems at pH 5 during storage at 25°C (Experiment TV)
Total viable colony 
count (log-|Q c.f.u. ml""”')
preservative 
heat process**
none
+ .
sorbate*
+
propionate*
+
Humectant
(%Vw)
NaCl
(20.8)
storage period 
(days)
0
3
9
74
6.2 6.1 
6.0 6.0 
6.1 6.0 
5.9 5.8
6.2 6.1
6.0 5.8
6.0 5.8 
5.8 5.8
6.2 6.1
6.0 5.9
6.1 5.9 
5.9 5.6
Glycerol
(48.1)
0
3
9
74
6.2 6.1 
6.0 6.1 
6.1 5.8 
6.0 5*6
6.2 6.1
5.9 5.8
5.9 5.6 
5.8 5.3
6.2 6.1
6.1 5.8
6.1 6.0 
6.0 5.8
Propylene - 
glycol
(46.9)
0
3
9
74
6.2 6.1
5.8 5.9
6.1
5.8 5.7
6.2 6.1 
6.0 6.0 
6.2 5.9 
5.9 5.8
6.2 6.1
6.0 5.9
6.0 6.0 
5.8 5.7
- = counts before pasteurisation
+ = counts after pasteurisation at 70°C for 1 hour
* = 2000 mg 1  ^potassium sorb ate
3000 mg 1 sodium propionate
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Table 4» 15 Survival of Cl. botulinum type A spores in EEW
systems at pH 6.0 during storage at 25°C (Experiment JTV)
Total viable colony 
count (log-jQ c.f.u. ml”-*)
preservative 
heat process *
none 
- +
sorbate* 
— +
propionate* 
- — +
Humectant 
(% % )
storage period 
(days)
0 6.2 6.1 6.2 6.1 6.2 6.1
NaCl 3 6.0 5-9 6.0 5.5 6.0 5.9
(20.8)
9 6.1 5.7 6.0 5.9 6.0 5.8
74 5-6 5.3 5.8 5.7 5.7 5.5
0 6.2 6.1 6.2 6.1 6.2 6.1
glvcerol 3 6.0 6.0 5.7 5.9 5.5 5.9
(48.1)
9 3.9 5.8 6.1 5.8 6.1 5-9
74 5.8 5.8 6.0 5.9 5.9 5.8
0 6.2 6.1 6.2 6.1 6.2 6.1
Propylene - 3 6.0 5.8 6.0 5.9 6.0 5.9
glycerol
(46.9) 9
6.2 6.0 6.1 6.0 6.2 6.0
74 5.9 5.8 5.9 5.8 6.1 5.9
* see Table 4* 12 page 67
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Table 4.14 Survival of 01. botulinum type B spores in BPW systems
containing 20.8% (W/w) NaCl during storage at 25°C
Total viable colony 
count (logio c.f.u. ml""^ ) 
in systems containing
heat process* no preservative 
— +
sorbate*
+
propionate* 
— +
pH value 
of system
storage period 
(days)
0 5-5 5.6 5.7 5.7 5.7 5.6
5.0 7 5.4 4.8 3.4
3.8 5.3 5-2
14 5.1 5.0 5.1 4.3 5.2 4.9
77 4.8 4.5 4.0 4.8 4-2 3.8
0 5.7 5.3 5.7 5.2 5.7 5.4
6.0 . 7 5.4 5.2 5.4 5.0 5.4 5.1
14 5-2 5.0 5.1 5.0 5.1 5.1
77 4.7 5.1 4.7 4.8 5.1 5.0
* see Table 4* 12 page 67
— yo —
Table 4» 15 Survival of Cl. botulinum type B spores in EPW systems
containing 48-1% (W/ ) glycerol during storage at 25°C
Total viable colony 
count (log10 c.f.u. ml”'*) 
in systems containing
preservative 
heat process*
sorbate* propionate4none
pH value 
of system
storage period 
(days)
6.0
5.2 N/A
4-7
* see Table 4-12 page 67 
N/A - data not available
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Table 4.16 Survival of 01. botulinum type 33 spores in 33FW systems
containing 46.9% (W/w) propyleneglycol during
storage at 25°C (Experiment IV")
Total viable colony 
count (log-jo c.f.u. ml"" ) 
in systems containing
preservative 
heat process *
none
+
sorbate*
+
propionate^ 
— +
pH value 
of system
storage period 
(days)
0 5.5 5.5 5.6 5.6 5.6 5.3
5.0 7 5.2 3.7 5.2 3.8 3.9 4.0
14
COrA N/A 5.1 3.5 3.1 <1.0
77 2.2 1.3 2.6 2.0 2.2 <1.0
0 5.5 5.5 5.7 5.4 5.6 5.3
6.0 7 N/A 4-3 5-4 3.9 4.4 4.2
14 4.4 N/A 4.9 3.6 4.8 N/A
77 2.7 2.5 3.0 2.0 2.6 2.0
* see Table 4* 12 page 67 
N/A - data not available
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The counts determined after pasteurisation were consistently lower than 
from systems without pasteurisation suggesting sensitisation to heat by 
propylene glycol during storage but, not immediately upon contact. The 
presence of sorbate did not show any clear differences, whereas 
propionate appeared to affect viability and sensitivity to heat, 
particularly at pH 5*
The counts after pasteurisation were lower at pH 5 than at pH 6 after 
storage but not immediately after inoculation. Heat resistance is 
known to be lower at reduced pH values and such a difference was not 
unexpected.
The difference between type A and B spores, in relation to survival, 
was unusual but not unexpected, since Odlaug and Pflug ( 1977b) had 
observed a similar difference when studying survival at reduced pH 
values.
From this preliminary experiment with combinations of humectant and 
preservative, only propylene glycol and sorbate or propylene glycol 
and propionate showed any promise for further investigations.
4.3*2.3 Experiment V
The confirmatory experiments were undertaken initially with the 
propylene glycol/propionate combination at pH 5*0 (Table 4*8). 
Unfortunately, the effects on viability observed in experiment IV, 
could not be repeated after storage at 25°C (Table 4*17) for fourteen 
days.
No changes in spore counts were observed even after heating for four 
hours at 70°C. The counts after heating were only slightly lower 
than were the counts before heating as expected from the known heat 
resistance data (§2.2.2 pages 18-21).
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Table 4.17 Survival of Cl. botulinum type B spores stored
at 25°C in EPW systems containing 46.9% (W/w)
 ^ , u r-6) / £*• P'rpropyleneglycol f 1 » I /’
Total viable counts (log-jQ c.f.u. ml"""')
storage 
period (days) 0 14
propionate 
(mg kg-1 ) 0 3000 0 3000
heat process
none 5.7 5.7 5-4. 5.4
1 hr at 70°C 5.6 5.5 5.4 5.4
2 hrs at 70°C 5.7 5.5 5-4 5.3
4 hrs at rJ0°0 5.4 5.5 5.3 5.3
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Work by Odlaug and Pflug ( 1977b) had indicated a greater reduction in 
viability at reduced pH values when stored at 30°C than at 25°C. The 
stability of type B spores was, therefore, studied in systems with 
propylene glycol and propionate when stored at 30°C. The number of 
spores determined initially and after storage for three, seven and 
thirty-six days before and after heating (4 hours at 70°C or 1 hour 
at 90°C) are shown in Table 4.18.
Heating for four hours at 70°C had negligible effect on spore numbers 
but after heating for one hour at 90°C the counts were reduced. As 
shown in Table 4*19 the counts before and after heating at 90°C were 
similar in systems with and without humectant/preservative combinations, 
indicating that the heat resistance remained apparently unaltered at 
reduced Aw.
Other workers (e.g. Murrell and Scott, 1966) had observed that the 
heat resistance in the presence of solutes did not increase markedly 
compared with that of dried spores. Many attempts to find 1 sensitizers1 
to reduce heat resistance have been fruitless. However, as the heat 
resistance remained apparently unaltered at reduced Aw, some 
sensitization due to propylene glycol could be assumed. An investigation 
was undertaken to study the effect of humectant/preservative /pH 
combinations on the heat resistance of 01. botulinum spores (Chapter 5)•
4.3«2.4 Experiment VI
0
The viability of spores in various humectant/propionate systems (Table 4*9) 
was monitored in samples prepared for the heat resistance experiment 
(Chapter 5).
- 75 -
Table 4-. 18 Survival of 01. botulinum type B spores stored at
30°C in BPW systems containing 46.9% (W/ ) propylene-
—  1glycol and 3000 mg kg propionate (Experiment V)
Total viable counts (log-jQ c.f.u. ml in 
systems after the following heat processes
pH storage
none 70°C for 
4 hours
90°C for 
1 hour
value period
(days)
— +
propionate*
+ +
0 5.7 5.8 5.8 ' 5.7 3.2 3.5
3 5.7 5.7 5-6 5.7 3.1 2.8
5.P
7 5.8 5.7 5.6 5.5 4.1 4.0
36 5.6 5.6 5-7 5.7 3.7 2.9
0 5.6 5.6 5-6 5.7 4.9 5.0
6.0
3 5.8 5.7 5.7 5.7 4.9 5.1
7 5.8 5.6 5.7 5.7 5.1 5.2
36 5.7 5.7 5.6 5.7 5.1 5.2
- none used 
+ 3000 mg kg""^
Table 4.19 The heat resistance of Cl. botulinum type B spores in
the presence and absence of humectant and preservative
Mean colony counts (log^Q c.f.u. ml”'*) in systems
at pH 5.0 with
heat treatment no humectant 
no preservative
propyleneglycol 
+
propionate
None 
90°C for 1 hour
initially
5.6
3.4
initially after 36 days
5*6 5*6 
3.5 2.9
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Unfortunately, no changes in viable numbers were observed during 
storage in the hume c tant/prop ionat e systems. The reduction in spore 
numbers, observed in experiment 17 (Table 4« 16) with propylene glycol 
systems, could not be confirmed and remains inexplicable.
Therefore, it should be assumed that the loss of viability of Cl. botulinum 
type B spores was an experimental artefact.
After considering the variations in sampling and counting, the 
inconsistent effects of the humectant/preservative/pH combinations 
studied and also for safety of foods, it was concluded that the number 
of viable Cl. botulinum type A or B spores could not be reduced 
sufficiently during storage in the presence of these combinations to 
be of practical use in the production of IMF* s
4.4 Conclusions
1. Survival of Cl. botulinum cells could not be assessed 
successfully, due to rapid sporulation when conditions 
were altered.
2. Sporulation occurred within i “ 3 hours after inoculation 
of systems containing NaCl.
3. Spores of Cl. botulinum type A, B and E remained viable 
for up to 70 days in systems containing NaCl.
4. Cl. botulinum type A spores remained viable in all 
combinations of humectant and preservative studied.
5. Loss of viability of Cl. botulinum type B spores was 
observed in systems containing propylene glycol but the 
observation was not repeatable.
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6. Sensitivity to heat was indicated when spores (type B) were 
heated in the presence of propylene glycol and propionate.
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CHAPTER 5
HEAT RESISTANCE OF CLOSTRIDIUM BOTULINUM TYPE B
5.1 Introduction
The survival studies with Cl. botulinum spores (Chapter 4) had indicated 
a possible reduction in heat resistance of spores in the presence of 
some humectant/preservative combinations particularly with propylene 
glycol and propionate. As the heat resistance (D-value) was not
determined, the apparently lower colony counts, observed after heating 
in the presence of some combinations, could only indirectly indicate 
that the heat resistance did not increase at reduced Aw levels.
From the literature (See § 2.3*3 pages 24-26) the heat resistance of 
spores is known to increase slightly at reduced Aw levels in the 
presence of solutes. Humectant/preservative combinations which 
could reduce heat resistance would be useful for improving the safety 
of IMF’s. Any changes in heat resistance during storage could also 
influence the preparation of IMF’s particularly those which required 
heating before consumption.
This investigation was undertaken to study the effects of some 
hume c tant/prop ionat e/pH combinations, with and without/ initial 
pasteurisation procession the heat resistance of Cl. botulinum type B 
during storage. The parameters studied are shown in Table 5* 1 •
It was not the aim of this investigation to determine absolute 
B-values but to search for humectant/preservative combinations giving 
large increases or decreases in B-values compared with high Aw levels.
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Therefore, the possible effects of the recovery medium on enumeration 
were ignored as these would have made only slight differences to the 
D-values (Neaves & Jarvis, 1979)•
5.2 Materials and methods
5.2.1 Preparation and inoculation of test systems
BPW systems containing humectant and propionate and adjusted to the 
pH values shown in Table 5*1, were prepared in 2 kg amounts. The 
appropriate quantities of sodium propionate and BPW (2% + 0.1% cysteine) 
were mixed with the humectant to give the final concentrations required 
in the complete system (Table 5*1)« The pH values were adjusted with 
1N HC1, the final weights checked and the systems autoclaved for 15 
minutes at 121°C.
The systems were inoculated with Cl. botulinum type B spores prepared 
previously to give final concentration of ~10"^  spores ml \  and 
aseptically dispensed in ~25 ml amounts into ~ 60 Universal bottles.
Half of the bottles from each batch was pasteurised for 10 minutes 
at 80°C and for 1 hour at 70°C (equivalent to P^qO^ = 6.6).
5.2.2 Storage and examination
The heated and unheated replicates from each batch were stored at 
25°C. The pH values of the systems were determined initially.
The D-values were determined at 80° and 90°C, initially and after 
storage for up to seven months.
5.2.5 Determination of D-values
7.L
From the number of parameters under test combinations), it was 
clear that on each sampling occasion, a large number of viable spore 
counts would be necessary to determine the D-values.
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The usual methods for the determination of D-values involve the use 
of ampoules or capillary bulbs (Stumbo, 1973) which are filled with 
known volumes of spore suspension, sealed and heated in water or oil 
baths at the required temperatures. The number of surviving spores 
are then determined after opening the ampoules or capillary bulbs and 
diluting the contents. However, this procedure can be laborious 
and time-consuming, and, therefore, the large number of determinations 
required in this experiment would not have been practicable.
Thus, an alternative method was needed which permitted the determination 
of numerous counts in short periods of time. A suitable alternative 
involved heating small quantities of the test system in bottles 
fitted with screw caps such as McCartney bottles.
*
The bottle method and ampoule method were compared initially to check 
suitability and reproducibility. D-values were determined at 80° 
and 90°C for spores suspended in BPW with and without humectant at 
pH 5*0 or 6.0.
From each spore suspension (~10^ spores ml"""'), 1 ml amounts were 
dispensed into sterile McCartney bottles fitted with metal screw caps. 
Similarly, ampoules were filled with 1.0 ml amounts of each spore 
suspension. Sufficient numbers of replicate McCartney bottles'and 
ampoules were heated at 80° and 90°C in thermostatically controlled 
water baths. Duplicates were removed after the required periods and 
cooled immediately by either transferring ampoules into ice/water bath 
or by adding 9 mis of cool, sterile, distilled water to the contents 
of McCartney bottles. The number of survivors was determined after 
appropriate dilutions by the drop count method on Horse Blood Agar 
(see § 4.2.1.5 page 51)«
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The D-values were calculated by regression analysis of the survivors 
after at least three heating periods. The initial counts were also 
included to take into consideration the shoulder of the survivor 
curves.
5.2.4 Analysis of data
The various D-values for each humectant and pH value were analysed 
by the Analysis of Variance and significant differences were determined 
from the F-values obtained. The D-values for the spores in low Aw 
systems were compared with those at high Aw by the ‘number of runs’ 
test - a simple non-parametric test.
5.3 Results
The final pH values determined for the experimental batches containing 
humectant ranged from 4*93 - 5*0 for target pH values of 5.0 and from 
5.95 - 6.01 for target pH values of 6.0.
The average D-values (of duplicate samples) determined by the ampoule 
or McCartney bottle method for comparing the two methods are shown in 
Table 5*2. From visual examination of the results, the D-values 
compared favourably in most batches. Therefore, the McCartney bottle 
method was adopted for the main experiment. The results also showed 
that the D-values did not increase or decrease markedly at the 
reduced Aw levels.
The D-values (mean and range) at 80° and 90°C for Cl. botulinum type B 
spores, stored for up to seven months at reduced Aw levels (with 
humectant), with or without propionate at pH 5*0 or 6.0, are shown in 
Table 5*3*
—  84- —
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Considerable difficulties were experienced in determining D-values 
for spores stored in sucrose, due to caramélisation during heating 
particularly after the systems had been stored. Further 
determinations after three months1 storage were discontinued as the 
accuracy of the D-values was questionable.
The pH values of systems at high Aw (without humectant) altered 
considerably after autoclaving. As a consequence, comparative D- 
values at pH 5 and 6 were not available and the limited data from 
Table 5*2 is included in Table 5*3*
5.4 Discussion
From the literature the heat resistance of 01. botulinum spores is 
expected to increase slightly in the presence of sucrose (Sugiyama, 
19515 Murrell & Scott, 1966) and slightly decrease with a reduction 
in pH (e.g. Xezones & Hutchings, 1965; Odlaug & Pflug, 1977a; and 
Smelt, et al, 1977)• A visual inspection of the results, shown in 
Tables 5*2 and 5«3> confirm the effects of sucrose and pH value.
The D-values at high Aw and pH 6.0 (Table 5*2) approximate to the 
DqqOq and D^o^ values published by Jarvis et al (1976). Similar 
comparisons with published values at pH 5*0 are not possible but 
it is clear that only slight reductions in D-values were obtained by 
lowering the pH value from 6.0 to 5*0 (Table 5.2).
5.4‘1 Effect of storage on heat resistance
It is regrettable that D-values at high Aw could not be determined 
for BPW systems after storage as growth would have occurred.
However, it is common practice to store spore preparations for long
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periods in buffer or distilled water, and no evidence can be found 
to demonstrate changes in D-values once maximum heat resistance has 
been achieved.
For spores stored at reduced Aw levels, despite some variations in 
D-values during seven months1 storage (Table 5*3)i there were no 
clear trends of any increase or decrease in heat resistance except 
for spores stored in propylene glycol at pH 5 (Table 5*4) and NaCl 
at pH 6 (Table 5*5)• The ^q°q values under these conditions appear 
to be reduced during storage but the reductions were not significant 
(p>0.05)• The observed variations were probably due to leakage of 
water into some McCartney bottles (with slightly loose caps) during 
heating causing unknown dilution.
The D-values remained within a reasonable range throughout storage 
as shown by the mean and range for each combination (Table 5 •3)*
Statistical analysis of the data showed that there were no significant 
differences (p>.05) between the D-values for each parameter.
Although the D^o^ values for spores in propylene glycol systems 
at pH 5 and HaCl systems at pH 6 showed some apparent decrease during 
storage, the reduction of heat resistance was not large enough to be 
of practical use i.e. pasteurisation of IMF1s after storage to 
eliminate botulinal hazard.
5.4.2 Effects of -preservative and initial heat treatment
From the survival studies (Chapter 4) a, slight decrease in D-value
was expected in the presence of propionate. The available D-values
for high Aw systems with and without propionate are presented in Table 5*6.
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Table 5*4 The heat resistance of Cl. botulinum type B
spores in systems at pH 5*0 and containing 
46.9% (W/w) propylene glycol
Propionate 
concentration 
(mg kg”1)
Initial
pasteurisation
Log10
0
3)90oc
storage
1
values (mins) after 
for (months)
2 . 3  7
0
— 1.62 1.36 1.32 1.40 1.36
+ I.76 1.46 1.30 M/A 1.23
3000
- 1.57. '1.34 1.08 1.11 1.18
+ 1.65 1.32 N/A 1.0 1.34
N/A results not available
— 89 —
Table 3-5 The heat resistance of Cl. botulinum type B
in systems containing 20.8% (W/w) NaCl at pH 6.0
Propionate 
concentration 
(mg kg”1)
Initial
pasteurisation
Log10 D9qOc values (mins) after 
storage for (months)
0 1 3 7
— 2.35 1.96 2.0 1.88
0
+ 2.34 2.06 M/A 1.98
— 2.31 2.05 1.88 1.97
3000
+ 2.40 2.03 M/A 1.91
N/A results not available
Table 5
- 90 -
_6 The heat resistance of Cl. botulinum type B 
at Aw 1.0 (water) and pH 5»5 - 5*6
Propionate 
concentration 
(mg kg”1 )
>
Log^Q B values (mins) at 
80°C 90°C
0 2.9 1.4
3000 2.9 1.6
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Unfortunately, the only comparable values were obtained from systems 
with final pH values in the range 5*5 - 5.6 and at this pH no clear 
effect of propionate could be observed.
For spores heated at reduced Aw levels, the determined D-values 
(Table 5*3) indicated slight reductions in heat resistance with some 
of the combinations containing propionate. Similarly, the initial 
pasteurisation process also had some apparent effect on the heat 
resistance. However, the effects of propionate and initial 
pasteurisation were not statistically significant (p>0.05) and 
sensitisation was not clearly demonstrated.
5.4*3 Effects of humectant and pH value
The mean D-values (Fig.5.1 ) were calculated from all the determinations 
for each humectant and pH value, because there were no significant 
differences (p>0.05) between the D-values with initial heating, 
preservative and storage.
The D-values as expected were reduced only slightly by reduction in 
pH from 6.0 to 5*0. However, the effect of pH was more marked at 
90°C than at 80°C particularly in high Aw systems without humectant. 
Such a variable effect of pH at different temperatures was also 
observed by Smelt et al, (1977) and Xezones and Hutchings (19^5) •
The variable effect of pH with systems containing humectant was largely 
negated. As can be seen from Fig.5.1 the differences in D-values 
between pH 5*0 and 6.0 were similar at the two heating temperatures 
except when salt was present. The degree to which the heat 
resistance was reduced was also dependent upon the type of humectant.
lo
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n 
B-
va
lu
e
- 92 -
Fig 5.1 Heat resistance of Cl. botulinum type B spores
3.22
3.0
3.0 2.81
2.72
2.81
2.182.22
2.0
2 .10
1.72
1.44
Sucrose* 
(64% w/w)
80 C1.17
Propylene'*'
glycol
(46.9% Vw)
Water
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NaCl apparently reduced the effect of pH in comparison with sucrose 
or propylene glycol.
"When the spores were heated at 80°C in the presence of propylene 
glycol, the heat resistance decreased slightly (but statistically 
significant - 0.05>p>0.l) in comparison with high Aw system confirming 
the observations in Chapter 4* However, when spores were heated at 
90°C, the difference between heat resistance of the spores in systems 
with and without propylene glycol were not significant (p>0.05).
The reversed effect of propylene glycol may have been caused by 
sensitisation during the much longer heating periods required at 80°C. 
The heat resistance at 80°C with sucrose and HaCl systems did not 
increase significantly (p>0.05).
The reduction in D8q°q value in the presence of sucrose at pH 5.0 
was based on only two determinations and hence any firm conclusion 
can not be drawn.
The inconsistent effects on heat resistance at the two heating 
temperatures may have been due to errors caused by the prolonged 
heating at 80°C. During the heating periods (of up to four days at 
80°C), slight but continuous leakage of water into the bottles would 
have amplified the errors in comparison with the relatively short 
heating periods of up to six hours at 90°C. Such a difference is 
reflected in the variability of the results shown in Table 5.5.
Also, the increase in water content would raise the Aw giving 
erroneous results.
The DQr.on values appear less variable and as seen in Fig. 5.1, the heat 
90 u
resistance (D^0oc), as expected, increased significantly (0.05>p>0.01)
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at reduced Aw with sucrose and HaCl, hut not with propylene glycol. 
Sucrose, also as expected, had the most protective effect.
The differences between the humectants were not unexpected as such 
differences have been observed between penetrating and non-penetrating 
humectants with the heat resistance of vegetative cells (Corry 19743-). 
The strong protective effect of sucrose has been well documented (e.g. 
Braun, et al, 1941 > Corry, 1974a-) and has been shown to be due to 
osmotic dehydration of the core (Could & Measures, 1977) • A similar 
increase in heat resistance would be expected, based on Aw, with HaCl, 
since HaCl also causes osmotic dehydration (Gould & Measures, 1977)> 
but such an increase (B^o^ values) was. not evident from the results 
obtained. With propylene glycol, which is a penetrating humectant, 
dehydration of the core would not be expected and as a consequence 
there would not be an increase in heat resistance (Could, 1977) •
The difference (B^qO^ values) between sucrose and HaCl may be due to 
the difference in water contents of two systems. With more water 
in the HaCl system (~80%) than in sucrose system (~ 33%), the osmotic 
dehydration capability of HaCl may be lower than that of sucrose, 
particularly in competition with the molecules of spore core. As 
little is known about the competitive behaviour of different sorts 
of molecules for a limited supply of water (Suggett, 197&), such an 
assumption is speculative.
nevertheless, the increase in heat resistance of Cl. botulinum type B 
observed at 90°C with sucrose and HaCl, would be important for 
establishing the heat processes (12D) for IMF’s. Furthermore, 
according to Murrell and Scott (1966), the increase in heat resistance 
at reduced Aw levels was greater with the more heat sensitive spore 
types, such as Cl. botulinum. type E. The 12B heat processes for
- 95 -
IMF’s would need to be increased, depending, not only on the humectant 
used, but also on the most resistant organism.
The aim of this experiment was to identify the humectant/preservative/ 
pH combinations which could reduce heat resistance. It is apparent 
that although propylene glycol had a slight sensitizing effect at 
80°C, the reduction in heat resistance, even in the presence of 
preservative was not sufficient to permit, with any confidence, 
reductions in processing values.
5.5 Conclusions
1. Heat resistance at 80° and 90° did not decrease during storage.
2. Heat resistance was not affected by an initial heat process 
nor by the presence of propionate.
3. As expected, the heat resistance was slightly lower at pH 5*0 
than at pH 6.0 with all combinations tested,
4. The heat resistance (D-values) depended upon the humectant
type and sucrose had the most protective effect.
5. The heat resistance at 90°C did not increase significantly
at reduced Aw levels in the presence of propylene glycol.
6. In the presence of propylene glycol, the heat resistance at 
80°C was lower than that without humectant.
7. Hone of the combinations significantly reduced the heat 
resistance to permit use of pasteurisation processes to 
eliminate the botulinal hazard in IMF’s.
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CHAPTER 6
GROWTH OF CLOSTRIDIUM BOTULINUM TYPE B
6.1 Introduction
The growth and toxin production by 01. botulinum in foods can be 
prevented by using one of the available preservation methods.
However, it is not always possible or desirable to use single 
preservation methods and often two or more methods are used in 
combination for the preservation of many foods.
Where combinations are used, they may interact with each other, thus, 
permitting the use of preservation parameters at levels which 
individually would not be inhibitory. Such interactions are known 
to occur between combinations of Aw, pH and storage temperature 
( § 2.3.2 pages 23-24) and also between the various inhibitors used 
in cured meats (§ 2.5.5 page 33)*
The studies on the interactions between Aw, pH and temperature have 
shown that growth limiting Aw is dependent upon the type of humectant 
used. For example, the limiting Aw was found to be higher when 
NaCl was used than when glycerol was used as the humectant (Baird- 
Parker & Freame, 1967)•
The addition of sorbate to cured meats has also been found to be 
beneficial (§ 2.5.5 page 33)•
However, direct interactions between humectants and chemical preservatives 
have not been studied with respect to Cl. botulinum. This investigation 
was undertaken to find interacting combinations of humectants and
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preservatives which would be useful for the inhibition of Cl. botulinum 
growth and toxin production. The interactions were studied over a 
range of pH values, because the activity of the selected preservatives 
is pH dependent.
The interactions of humectant (HaCl, sucrose, glycerol or propylene 
glycol) combined with either sorbate, benzoate or propionate at various 
pH values were investigated for the inhibition of growth and toxin 
production by Cl. botulinum type B in media systems.
6.2 Materials and methods
6.2.1 Preparation of test systems
The TS33 system with 0.1% w/ cysteine-HCl was used throughout (see 
Chapter 3). Stock solutions of concentrated TSB (30% w/v)> humectant 
(HaCl 20% /y, glycerol and propylene glycol 50% W/v)> preservative 
(10% /y) and cysteine-HCl (10% W/ ) were prepared. The necessary 
volumes of each were mixed with distilled water to give the final 
required concentrations for each batch (Table 6.1).
Where required, an appropriate weight of dry sucrose was added, as 
it was not possible to prepare a sufficiently concentrated solution.
After adjusting the pH value with 1NHC1, the systems were made up to 
the final volume with water and auto clave d at 121°C for fifteen
minutes. When cool, the systems were dispensed aseptically in 9 ml
amounts into sterile test tubes.
6.2.2 Inoculation and storage
Each replicate (Table 6.2) from the various batches was inoculated 
with 1 ml of heat shocked (70°C for 10 minutes) Cl. botulinum type B
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spore suspension (prepared previously) to give final level of 10^
—1spores ml . To the control replicates, 1 ml of sterile distilled 
water was added. After thorough mixing, the tubes were sealed 
with 5% (W/v) agar.
The inoculated and control replicates were incubated at 50°C for up 
to 4 - 5 weeks.
6.2.3 Examination
The pH values of uninoculated systems were determined electrometrically 
using a Pye pH meter at the onset of each experiment. The examinations 
carried out for the various experiments are summarised in Table 6.2.
Growth of Cl. botulinum was assessed visually as indicated by appearance 
of turbidity and/or gas production.
The presence of toxin was determined by mouse injection. Each of a 
pair of Swiss white mice was injected intraperitoneally with 0.4 ml 
of the sample and observed for typical symptoms of botulism for up 
to three days. As a proteolytic strain of Cl. botulinum type B 
was used, trypsin activation was not required.
All total viable counts or viable spore counts were done by the drop 
count method on Horse Blood Agar as described previously.
The Aw levels were determined at 25°C using a multichannel Novasina 
electronic humidity meter (model HPL) with en~ZEB/ePP sensors 
(Humitec Ltd).
6.3 Results
The inoculum levels for all the experiments were determined to be in
the range 6.2 x 10^ to 1.9 x 10^ Cl. botulinum type B spores ml- ,^
2 —1with an overall mean of 9*5 x 10 spores ml” .
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The pH values of the various systems altered slightly from the 
target values after autoclaving. Therefore, a range of pH values 
for the different systems are given for each experiment in the 
appropriate tables. The required final pH values of the system 
were difficult to achieve, although allowances had been made for 
the increase/decrease in pH during autoclaving.
The growth of Cl. botulinum, as indicated by turbidity and/or gas 
formation, occurred simultaneously in all replicates of any one 
system for most sets of parameters tested. However, in some 
batches, the time taken for evidence of growth in one replicate only 
and growth in all replicates differed by up to fourteen days. Such 
large differences, fortunately, occurred rarely and were observed 
mainly in batches where growth occurred after two weeks.
The differences in time to growth may have been due to the subjective 
assessment of growth and a spectrophotometer was evaluated for an 
objective assessment of turbidity. However, visible turbidity was 
not always sufficient to give a differential reading, relative to 
a control medium blank.
Therefore, because of the variability in assessing growth, the ’mean 
of the number of days to observable growth1 was calculated, and is 
subsequently referred to as ’time to growth’. A ’mean’ was selected 
because:
(i) for a statistical comparison of the treatments (described 
later), the ’mean time to growth’ was required; and
(ii) in most instances, there was no difference between ’mean
time to growth’ and ’time to growth in ^ 50% of the replicates’ 
(the median).
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6.3-1 Preliminary experiments I and II
The time to growth of Cl. botulinum with humectant/preservative 
combinations in systems at pH 6.3 - 7.0 (experiment l) and pH 5.5 - 6.0 
(experiment II) are summarised in Tables 6.3 and 6.4 respectively.
The replicates not showing any evidence of growth at the termination 
of the experiment (28 days) were tested for the presence of toxin 
and were found to be non-toxic. Some replicates with turbidity 
and/or gas were also tested at intervals for the presence of toxin 
and all were found to contain toxin.
In experiment I, the effect of more than 50% (W/v) sucrose on growth 
of Cl. botulinum could not be assessed reliably, because of unknown 
changes in conditions due to frequent crystallisation.
It should be noted that in systems containing NaCl, the true 
concentration was 0.5% more than that added, since the TSB system 
already contained 0.5% (W/v) NaCl.
All the available data for experiments I and II, were analysed using 
Tukey's Test for analysis of variance (Guenther, 1964). An example 
of calculation of the significant difference in time to growth is 
given in Pig. 6.1.
Por the various treatments in experiments I and II, a delay in time 
to growth by 4-5 (or more) days was found to be significant (p = 0.05).
Prom the results shown in Tables 6.3 and 6.4, it can be seen that, of 
the three preservatives, only sorbate delayed growth significantly 
at pH 5-5 - 6.0, in the absence of humectant. The humectant/ 
preservative combinations that delayed growth significantly more
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Table 6.5 Effect of humectant/preservative combinations
at target pH 6.5*on the growth of 01. botulinum 
type B
Time (days) to growth** with
Humectant 
(% w/v added) None
Preservative (mg 1“ )^ 
Sorbate Benzoate
(2000) (2OOO)
Propionate
(3000)
none 2.2 1.6 1 1
"3*0 4 6 4 6
NaCl < 5*0 4 4 4 6
>28 >28 >28 >28
r 10 2 2 6 4
Propylene 
glycol < 15 3*6 2.8 15 4
I 25 >28 >28 >28 >28
f23 8 7 NT 6.2
Glycerol < 30 13 13*2 NT 11
' ^35 15*8 13 14 14.2
Sucrose 50 4 4 4 3
actual pH in the range 6.5 - 7*0 
growth = turbidity, gas or toxin
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Table 6.4 Effect of humectant/preservative combinations at
target pH 5*5* on growth of 01. botulinum type B
Time (days) to growth*-* with
Humectant 
(% w/v added)
Hone
Preservative (mg l- )^ 
Sorbate Benzoate 
(2000) (2000)
Propionate
(3000)
none 3.6 9.8 4 4-2
HaCl (4.0) 13.2 >28 8 7
Propylene /. nx 
glycol b^eU; 6.8 13 5 3
Glycerol (25) 13 12 9 12
Sucrose (40) 12 12 12 13
* actual pH in the range 5«5 - 6.0
** growth = turbidity, gas or toxin
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Fig. 6.1 Example of calculation of significant difference 
in time to growth - Tukey1 s Test
Example of data (from experiment II)
Time (days) to growth
No.
Treatment
NaCl 
(% w/v)
Sorbate 
(mg 1" ) a
in replicates 
b c d e
Mean time 
to growth
1 0 0 3 3 3 3 6 3-6 (^)
2 0 2000 13 10 10 7 9 9-8 (x2)
3 4 0 10 7 21 21 7 1 3 . 2  (^)
4 4 2000 28 28 28 28 28
COCM
Variance within groups (cr ) = 14*7
No. of treatments (r) = 4
No. of replicates/treatment
(n) = 5
Degrees of freedom (d.f.) = 1 6
Significant difference in time to growth (D) calculated using
Turkey's Test:
D = q x jr2 (Guenther, 1964) 
n
q. = confidence limit : for p 0.95; d.f. = 16; r = 4
q = 4.05 (from ‘Distribution of studentised range® tables)
For above data: D = 4»05 x 14.7 6.9
i.e. a difference between the means of ^6.9 days is significant 
at p = 0.05
— 106 —
Fig. 6.1 (continued)
Treatment
Y
Differences between 
means (x)
Xj ” X1 Xj - X2
treatment
- =3
1 3.6
2 *2 9.8 6.2
3
=3
13.2 9.6 3.4
4 "x4
28 24.4 18.2 14.8
The differences below the line exceed 6.9
Therefore:
(1) Treatment 4 (NaCl + sorbate) delayed growth significantly
more than the other treatments.
(2) Treatment 3 (NaCl) delayed growth significantly more than
treatment 1 but not treatment 2 (sorbate).
(3) Treatments 1 & 2 and 2 & 3 were not significantly 
different.
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than the preservative and/or the humectant alone were:
(i) propylene glycol + benzoate at pH 6.5 - 7.0 (Table 6.3)
(ii) NaCl + sorbate at pH 5*5 - 6.0 (Table 6.^.)
(iii) Propylene glycol + sorbate at pH 5»5 - 6.0 (Table 6, If)
The Aw levels determined for systems containing different concentrations 
of humectant are Shown in Table 6.5 and compared with the expected 
values. The Aw levels of systems containing high humectant 
concentrations were approximately equal to the expected Aw levels.
The Aw levels, for systems with low NaCl ($4»5#>.W/ ) or propylene 
glycol (^6% W/v) concentrations, were determined to be >0.99. The 
differences between the expected and the determined Aw levels were 
possibly due to microbial growth during the equilibration of sample/ 
sensor atmosphere or sensor poisoning (Prior, 1979) •
The aim of this experiment was to investigate the effects of preservative 
in combination with humectant rather than Aw level per se. The Aw 
levels determined have not been given for the various systems tested, 
because of the questionable accuracy in determining high Aw levels 
(Roberts R T, pers. comm. 1981).
6.3.2 Experiment III: Propylene glycol/benzoate combination
The combined effects of propylene glycol and benzoate were confirmed 
in experiment III. The time to growth and number of samples containing 
toxin for the various combinations are shown in Table 6.6. The presence 
of toxin was determined when visible growth was evident or after 3 - 4  
weeks for replicates not showing evidence of growth.
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Table 6.5 Aw levels of systems containing humectant
Humectant
# Vv
Aw
determined
Approximate 
Aw expected
NaCl
0
2.5
5.5
4.5
5.5 
9-5
>.99
>.99
>.99
>.99
.98
.94
>.99
.99
.98
.97
.96
.94
derived from 
Ref. 1
Glycerol <
20
25
30
35
.97 
.94 
.93 
• 90
.96
.94
.92
.90
derived from 
Ref. 1
s'
PG
3
5
6 
10 
15 
25
>.99
>.99
>.99
.98
.97
.93
>.99
>.99
>.99
.98
.96
.93
derived from 
Ref. 2
z*
Sucrose <
30
40
50
60
>.99
.97
.96
.95
• 97 
.95 
.94 
.92
derived from 
Ref. 2
(1) - from Baird-Parker & Freame (1967)
(2) - from Sloan & Labuza (1975)
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Benzoate alone inhibited growth and toxin formation at pH 5*5 - 5.6 
but not at pH 6.0 or above. However, growth and toxin production 
(at pH 6.0 - 6.1) were delayed further with the benzoate /propylene 
glycol combination than with benzoate or propylene glycol alone. 
Benzoate was clearly less effective in the pH range 6.4 - 6.5 than 
at lower pH values and growth was delayed only when benzoate was 
combined with >10% propylene glycol.
6.3.3 Experiments IV - VII; Propylene glycol/sorbate 
and HaCl/sorbate combinations
The interactions between sorbate and NaCl or propylene glycol were 
confirmed in experiment IV and the results are shown in Table 6.7. 
Sorbate alone or in combination with humectant delayed growth of 
01. botulinum in systems at pH values ^ 6.0. Growth was not delayed 
markedly with the humectant/preservative combinations, but the number 
of sample containing toxin was reduced even though growth was evident.
As the inhibitory effect of sorbate/NaCl and sorbate/propylene glycol 
combinations was dependent upon the pH value, the activity of sorbate 
was studied at a range of pH values (experiment V). The occurrence 
of growth and toxin formation in the presence and absence of sorbate 
at pH values in the range 5*4 - 6.0 is shown in Table 6.8. Growth 
and toxin formation were only slightly delayed by reduction in pH 
value in sorbate-free systems.
In the systems containing sorbate, growth and toxin production were 
delayed markedly at pH values ^ 5.8. At pH values below 5.5, although 
growth was evident, toxin was not detected without further incubation. 
The detection of toxin before evidence of growth at pH 5*7 - 5*8 was 
probably due to slight but not clearly visible growth.
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Table 6,8 The effect of pH value on the activity of sorbate
pH value
Time (days) to first sample showing 
turbidity (A) and toxin (b ) undissociated 
sorbic acid 
content** 
(mg 1 )A
Sorbate (mg I” 1 )
0 2000 
B A B
5.4* - 5.5 3 3 14*** 21 244
5.5* - 5*6 3 3 8 21 200
5.6* - 5.7 2 2 8 8 160
5.7* - 5.8 2 2 8 6 125
5.8* - 5.9 2 2 6 6 103
5.9* — 6.0 1 2 3 3 88
* target pH values
** calculated values for the pH range (Lueck, 1980)
*** only very slightly turbid
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The effect of HaCl concentration on the inhibitory effects of NaCl/ 
sorbate combination was studied in experiment VI. The days to 
growth and the number of samples containing toxin are shown in 
Table 6.9. Increasing the NaCl concentration, as expected, delayed 
growth. With 4*5 or 5*5% (W/v) NaCl, number of samples containing 
toxin also was reduced. In systems with sorbate, growth was delayed 
equally at NaCl concentrations of 2.5% (w/v) and above, and all 
replicates were non-toxic after fourteen days® storage.
The rate of growth and toxin production was studied using combinations 
of 3.5% NaCl, 2000 ppm sorbate and pH 5*5 - 5*6 (experiment VTl). The 
growth curves for 01. botulinum are shown in Figure 6.2. The growth 
as indicated by visible turbidity (G) and presence of toxin (t), was 
evident after~>1 log^Q increase in count. The occurrence of growth 
and toxin was delayed slightly by salt or sorbate alone and inhibited 
by the combination (Table 6.10).
6.4 Discussion
6.4*1 Preliminary experiments
The preliminary experiments (l and II) were undertaken to find humectant/ 
preservative/pH combinations which delayed or inhibited growth and 
toxin production by Cl. botulinum under otherwise optimal conditions.
Growth and toxin production was inhibited in the presence of 9.5% (w/v) 
NaCl (Aw O.94) at pH 6.5 - 7*0 (Table 6.3»). This was in agreement
with the established inhibitory concentration for HaCl (see § 2.3.2 
pages 23-24).
The concentration of propylene glycol required for the inhibition of 
Cl. botulinum growth has not been reported previously. Nevertheless
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Table 6.9 The effect of NaCl concentration on growth 
and toxin production at pH 5*6*
NaCl 
(# % )
Or
Time (days) to growth (c) and samples 
containing toxin** after 14 days (t)
Sorbate (mg l"**)
0 2000
T G T
0.5 3 10 7 4
2.5 5 10 11 0
3*5 7 10 11 0
■4.5 9 3 11 0
5*5 11 5- 11 0
* actual pH 5.55 - 5.75 
** number samples toxic/10 tested
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Table 6.10 The effect of NaCl/sorbate combination on the
growth and toxin production by Cl. botulinum 
type B in systems at pH 5*5 - 5*6
NaCl 
(% Vv)
Sorbate 
(mg I-1)
Undissociated 
sorbic acid 
content* 
(mg I"1)
. Days to evidence 
of growth and toxin
0 0 0 2
5.5 0 0 6
0 2000 200 10
3*5 2000 200 >17
* calculated values - see Table 6.8
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Fig. 6.2 Growth of Cl. botulinum type B with NaCl/sorbate
combination at pH 5»5 - 5.6
o Control
® 2000 Sorbate  mg 
□ 3• 5 % w/v NaCl 
a Sorbate + NaCl 
G/T growth + toxin
G/T
G/T
G/T
4-5
iG/T
G/TG/T
G/T
Days at 30°C
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Aw level achieved (0.93) with the inhibitory concentration of propylene 
glycol (25% W/v) was in close agreement with limiting Aw for 
01. botulinum type B (Baird-Parker & Freame, 1969). However, it 
should be noted that the true growth limiting concentration (which 
was not determined) would lie between 15 and 25% W/v propylene glycol.
The limiting sucrose concentrations could not be achieved in this 
experiment. It is clear, however, that with 50% W/v sucrose (Aw 
.96 determined or .94 expected) and pH 6.5 - 7*0, 01. botulinum 
growth could not be inhibited or delayed despite the fact that 50% 
sucrose was only slightly below the reported inhibitory concentration 
of 55% (Lechowich, 1970).
In systems at pH 6.5 - 7*0 and containing 35% W/v glycerol, growth was 
markedly delayed but was not inhibited totally. The Aw levels 
determined for the glycerol containing systems (Table 6.5) were in 
close agreement with the values quoted by Baird-Parker and Freame (19&7)* 
However, in the investigations by Baird-Parker and Freame (1967), only 
germination of spores was observed and outgrowth was not evident 
after twelve days* storage at 30°C, in contrast to the clear growth 
and toxin formation after sixteen days, observed in this experiment.
From these limited observations, the dependence of the growth limiting 
Aw on the humectant type was emphasised (see §2.5*2 pages 23-24)* The 
differences in growth limiting Aw*s between the penetrating (e.g. 
glycerol and propylene glycol) and non-penetrating (e.g. NaCl and 
sucrose) humectants have been attributed largely to the increased 
concentrations of cellular constituents due to osmotic dehydration 
caused by the non-penetrating humectants (Gould & Measures, 1977) *
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For defining the water relations of microorganism, therefore, humectant 
concentration would be a more reliable criterion than Aw measurements
i) because of the obvious differences between 
the humectants; and
ii) because of the lack of reproducibility in the 
determination of high Aw levels (>0.90).
However, comparison of humectant mixtures clearly would be limited 
without reference to Aw. Consequently, Aw measurement remains the most 
useful parameter for indicating potential inhibitory or non-inhibitory 
conditions but reduction of Aw per se should not be regarded as the 
sole reason for inhibition of growth. Therefore, for describing the 
interactions studied, humectant concentration has been given a greater 
emphasis than Aw.
The combination of sub—inhibitory humectant levels with preservative, 
in systems at pH 6.5 - 7.0, did not delay significantly the growth 
of Cl. botulinum, with the exception of propylene glycol and benzoate 
combination. The effects of propylene glycol or benzoate alone 
were clearly enhanced by their combination (Table 6.3) despite the 
very low proportion of undissociated benzoic acid at pH 6.5 - 7.0.
The percentage of undissociated acid was expected to be between O.fj 
and 0.15 in the pH range 6.5 - 7.0 (Lueck, 1980).
In systems at pH 5*5 - 6.0, of the preservatives tested, only sorbate 
delayed growth significantly (Table 6.4). Such an observation was 
not too surprising since the proportion of undissociated sorbic acid 
(pK = 4.76) present, at these pH values, would be more than that of 
benzoic acid (pK = 4* 18). However, propionate was not inhibitory 
despite the high pK value (4.88).
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The humectants delayed growth also, but not all sorbate /hume c tant 
combinations demonstrated interactions. Growth was delayed further 
only with combinations of sorbate and NaCl or propylene glycol.
Since both benzoate and propionate alone were ineffective at pH 
5*5 - 6.0, the absence of interactions with the humectants was not 
unexpected. However, benzoate was expected to interact with propylene 
glycol from the results of the previous experiment (Table 6.3). It 
is possible that the concentration of propylene glycol used (6%) did 
not stress the organism to the extent which permitted benzoate to be 
effective.
From these preliminary experiments (l and Ii), three potentially useful 
combinations were identified and investigated further: i.e. combinations
of NaCl/sorbate ; propylene glycol/sorbate; and propylene glycol/ 
benzoate. It was also clear that propionate was not inhibitory 
towards Cl. botulinum under the conditions tested.
6.4.2 Propylene glycol/benzoate combination
The interaction between propylene glycol and benzoate (observed previously) 
was investigated further. From the results (Table 6.6), it was evident 
that the interaction between propylene glycol and benzoate was pH 
dependent. An interaction between propylene glycol concentration 
and pH value was also clearly demonstrated and followed the pattern 
expected from NaCl/pH and glycerol/pH interactions. The inhibitory 
Aw levels were not in close agreement with those of Baird-Parker and 
Freame (196?)•
The growth of Cl. botulinum type B was shown to be inhibited at pH 5.5 
with either Aw ^ 0.96 in NaCl systems or Aw <0.94 with glycerol systems
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(Baird-Parker & Freame, 1967) • In this experiment, growth and toxin 
production at pH 5»5 - 5*6 (Table 6.6) was inhibited at Aw 0.97 (15% 
propylene glycol). The difference, between the limiting Aw levels 
with propylene glycol and NaCl, is negligible due to the possible 
errors in determining the Aw levels. However, in comparison with 
glycerol, propylene glycol clearly appeared to be more inhibitory.
Furthermore, in systems at Aw 0.97 (15% propylene glycol) and pH
5.5 - 5*6, clearly visible growth or toxin formation was not evident 
after twenty-eight days* incubation. According to Baird-Parker and 
Freame (1967), growth was observed within six days in systems at 
comparable pH and Aw levels (adjusted with either NaCl or glycerol).
It would appear, therefore, that propylene glycol had a greater inhibitory 
effect than glycerol and possibly also NaCl, at comparable Aw levels.
The antibotulinal effect of benzoate has been reported previously 
(Gudding & Nordal, 1976). As expected, benzoate inhibited the 
growth of Cl. botulinum at pH^5»5 (Table 6.6). At pH values above 
6.0, growth was not inhibited by benzoate, because the concentration 
of the undissociated benzoic acid was probably too low: 5% undissociated
benzoic acid at pH 5.5? o.f. 1.5% undissociated benzoic acid at pH 6.0 
(Lueck, 1980). However, such low concentrations of undissociated 
benzoic acid in combination with propylene glycol were apparently 
capable of inhibiting growth and toxin production by Cl. botulinum.
A synergistic interaction between benzoate and propylene glycol is 
indicated only within a narrow pH range (- 6.0 to 6.1).
6.4.3 Propylene glycol/sorbate combination
The inhibition of Cl. botulinum by propylene glycol and sorbate 
combinations was evaluated further in systems adjusted to several pH
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values in the range 5«5 - 6.3. In this confirmatory experiment, the 
combinations were found to be as effective as observed previously 
(c.f. Tables 6.4 and 6.7). Sorbate alone delayed growth markedly 
at pH values in the range 5-6 - 6.0. In systems at pH 5.6 - 5.8, 
toxin production also was apparently inhibited (as indicated by 
reduction in number of samples containing toxin) whilst growth was 
evident.
Growth of 01. botulinum without toxin formation was unexpected and 
may have been due to insufficient number of cells being lysed for 
release of detectable levels of toxin. The inhibition of toxin 
production or release may partially be due to the effect of sorbate 
(see later). However, for safe preservation of food, inhibition of 
toxin production but not growth of Cl. botulinum could not be relied 
upon.
From these results (Table 6.7), it appears that a true interaction 
between sorbate and propylene glycol occurred only at pH 5.8 - 6.0.
At pH values <5.8 or >6.0, the inhibitory effect of sorbate /propylene 
glycol combination was not greater than the effect of sorbate or 
propylene glycol alone. In systems at pH 5.6 - 5.8, where sorbate 
alone was the main inhibitor additional effects of humectant were 
not evident.
Nevertheless, the potentiation of the inhibitory effects of propylene 
glycol and sorbate by their combination may be useful for preventing 
growth and toxin production in some foods.
6.4.4 NaCl/sorbate combination
The third combination, which had demonstrated potential antibotulinal 
properties in the preliminary experiments, was that of NaCl and sorbate 
in the pH range 5«5 - 6.0 (Table 6.4)•
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For confirming the NaCl/sorhate interaction (experiment IV), a slightly 
lower NaCl concentration (3.0% w/v added c.f. 4.5% W/v) was used to 
obtain observable differences at the various pH values.
In the preliminary experiment growth and toxin formation was totally 
inhibited for >28 days by the NaCl (4-5% W/v) and sorbate combination.
In the confirmatory experiment, sorbate alone delayed growth and toxin 
formation at pH values below 6.0 (Table 6.7). The combination of 
sorbate with NaCl, however, did not appear to enhance the inhibition 
of Cl. botulinum.
The interaction between NaCl and sorbate was thought to be NaCl 
concentration dependent and, therefore, the interaction was evaluated 
with a range of NaCl concentrations (experiment VI). However, the
sorbate/NaCl combination was shown to be equally effective in systems 
at pH 5*55 - 5.75 (Table 6.9) with NaCl concentrations in the range
2.3 ~ 5.5%. It was also notable that toxin was not detected in 
replicates containing NaCl/sorbate when growth was evident despite 
the extended incubation period to allow toxin release. Further,
4*5 - 5*5% NaCl in some replicates inhibited toxin production but not 
growth at pH 5.55 - 5.75.
It would appear, therefore, that NaCl at levels ^ 2.5% (W/v) combined 
synergistically with sorbate. The absence of a definitive interaction 
between NaCl and sorbate (Table 6.7) could be attributed to inter- 
experimental variation since the differences between the two experiments 
(ii and IV), in terms of delayed growth and number of toxic samples, 
were only marginal.
The importance of pH value for the inhibitory action of sorbate was 
demonstrated in all the experiments where sorbate was used.
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From experiment 7, the antibotulinal effect of 2000 ppm sorbate was 
noticeable only at pH values <5.9 (Table 6.8). As expected, the 
effect of pH value alone on growth and toxin production was negligible 
in the pH range 5*4 - 6.0.
In the presence of sorbate, at pH values <5.6, toxin production was 
inhibited although growth had occurred. A similar effect was observed 
with propylene glycol/sorbate combination (see § 6.4.3 pages 119-120).
The antimicrobial effect of sorbate is known to be due to the 
undissociated acid. The marked delay in growth at pH 3.4 - 5.5 
can be related to the noticeable increase in the concentration of the 
undissociated acid at pH value ^ 5.5. The antibotulinal activity of 
sorbate has been demonstrated recently in chicken and turkey emulsion 
systems by Huhtanen and Feinberg (198O): toxin formation was inhibited
by sorbate (4000 ppm) at pH 5.6 but not at pH 5.8; the inhibition 
was also dependent upon the acidulant used.
The results obtained in this investigation have shown that:
i) NaCl (at concentrations which alone were ineffective 
against Cl. botulinum) in combination with sorbate 
delayed growth of Cl. botulinum;
ii) the combination was inhibitory provided that the 
concentration of undissociated acid was sufficient 
to exert an inhibitory effect.
_-j
Concentrations of approximately 100 - 200 mg l" undissociated sorbic 
acid were shown to be slightly inhibitory i.e. in systems at pH 5.5 - 5.9. 
At pH values below 5• 5 sorbate alone was effective. Thus synergism 
between sorbate and NaCl was only evident between pH 5.5 and 5.9.
A similar synergism effective against some other microorganisms has 
been reported previously (FAO/WHO, 1971).
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An experiment was undertaken finally to demonstrate the reason for 
the observed delay in occurrence of growth and toxin formation by 
Cl. botulinum caused by the synergistic NaCl/sorbate combinations 
at reduced pH value.
The presence of NaCl or sorbate alone delayed the initiation of 
exponential growth, but did not appear to affect the rate of 
exponential growth (Fig. 6.2).
The germination of Cl. botulinum spores is known to be delayed in 
the presence of NaCl (e.g. Baird-Parker & Freame, 196?)• Therefore, 
the observed extended lag phase with NaCl was probably due to delayed 
germination.
The lag phase extended in the presence of sorbate could be attributed 
partially to delayed germination, since recent studies by Sofos et al 
(1979b) have demonstrated that sorbate retarded the germination of 
Cl. botulinum spores. Sorbate is known to affect the cell membrane 
of some microorganisms (Freese, et al, 1973)• It is possible that 
the membrane of germinated Cl. botulinum spores could also be affected, 
thus delaying outgrowth and subsequent initiation of exponential growth.
The rate of exponential growth did not appear to be altered by NaCl or 
sorbate alone. This indicated that NaCl or sorbate at pH 3*5 - 5*6 
did not affect the multiplication of vegetative cells.
The combination of NaCl and sorbate delayed the initiation of growth 
to the same extent as sorbate alone, but the rate of exponential growth 
was reduced markedly. The apparent growth, however, may be an artefact 
since the difference between initial and highest count was less than
0.2 log cycle. Such small differences are within limits of experimental 
error for enumeration.
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Therefore, it is more probable that the NaCl/sorbate combination 
extended the lag phase to such an extent that vegetative growth was 
not detectable within the incubation period (17 days). Consequently, 
the delayed growth and toxin formation, observed previously with NaCl/ 
sorbate combinations, was probably due to further retardation of spore 
germination and outgrowth in comparison with the effects of NaCl or 
sorbate alone.
Sorbate is known to affect the cell membrane of some microorganisms 
(Freese et al, 1973) and NaCl is known to enhance the effect of 
sorbate (FAO/WHO, 1971)* It is possible, therefore, that in germinated 
Cl. botulinum spores, the membrane is affected by sorbate thus interfering 
with the osmotic balance against NaCl. The possible effects of NaCl/ 
sorbate combination on the multiplication of vegetative cells of 
Cl. botulinum. therefore, cannot be ruled out completely.
Although, these studies have been limited to media systems, the anti­
botulinal effect of NaCl/sorbate combination at reduced pH values showed 
the greatest potential for application to foods. Other factors 
such as reduced storage temperature, increased Eh and heating could 
well improve the efficacy of NaCl/sorbate/pH combination. The acidulant 
used to reduce the pH value could also improve the inhibition of 
Cl. botulinum. However, much further work would be necessary 
particularly with food systems before the NaCl/sorbate combination 
could be used, with confidence, to prevent growth of Cl. botulinum in 
foods.
6.5 Conclusions
1. Combinations of NaCl/sorbate, propylene glycol/sorbate and 
propylene glycol/benzoate were found to be more inhibitory 
than either the humectant or the preservative alone.
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2. The interactions were pH dependent, i.e. the combinations
were effective only when the pH values were low enough to 
form sufficient undissociated acid to be slightly inhibitory.
3* Propionate was not active against Cl. botulinum under the
conditions tested.
4* The interactions were between humectant and preservative but
not between Aw, per se and preservative.
5 • The NaCl/sorbate combination extended the lag phase and
possibly reduced the growth rate during the exponential 
phase.
6. Growth of Cl. botulinum type B was not inhibited by 35% w/^
glycerol (Aw 0.90) at pH 6.5 - 7.0.
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CHAPTER 7
GENERAL DISCUSSION M B  CONCLUSIONS
The objective of the work described in this thesis was to study the 
effects of interactions between the various preservation methods on 
survival and growth of Cl. botulinum with particular emphasis on 
Intermediate Moisture Foods (IMF's). It was clear from the outset 
of the investigation that the work involved searching for 'new* 
interactions which were capable of inactivating and/or inhibiting 
Cl. botulinum.
The parameters responsible for safety and stability of IMF's, other 
than reduced Aw levels include presence of preservatives and heat 
processing. Since by definition (see § 2.7 pages 34-35)> growth of 
Cl. botulinum is not possible in IMF's, the risk of botulism from 
IMF's would be minimal. However, IMF's contaminated with 
Cl. botulinum could lead to infant botulism. Also, the risk of 
botulism could be envisaged from IMF's which have been rehydrated and 
subsequently abused, particularly, because the pH value of many IMF's 
could be >5.0.
As growth of Cl. botulinum in IMF's is not possible, the work was 
initiated with a study of the survival of Cl. botulinum cells and 
spores in conditions likely to be encountered in IMF's. The parameters 
selected for study, therefore, included humectants, preservatives, heat 
and pH value. The aim of the survival studies (Chapter 4) was to 
search for humectant/preservative/heat/pH combinations which 
inactivated spores and cells of Cl. botulinum during storage at ambient 
temperatures. Thus, the need for a 'botulinum cook* (12D process) 
would be eliminated for IMF's prepared either for consumption by 
infants or for subsequent rehydration.
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The studies, on the survival of cells of Cl. botulinum types A, B 
and E (see § 4»2 pages 47—57) in media systems, demonstrated that 
the reduction of Aw by the addition of humectants led to immediate 
sporulation. The spores formed, were capable of surviving in the 
intermediate moisture (iM) conditions tested. None of the combinations 
tested (see§4*3 pages 57-77) was capable of inactivating spores 
during storage.
In one experiment, Cl. botulinum type B spores were apparently inactivated 
during storage in systems containing propylene glycol. However, it was 
not possible to confirm the loss of viability in further experiments. 
Nevertheless, sensitisation of the spores to heat in the presence of 
propylene glycol and propionate was evident and indicated a potential 
reduction in heat resistance of Cl. botulinum type B spores.
Factors capable of reducing the heat resistance of Cl. botulinum spores 
have been sought for many years but, hitherto, treatments suitable for 
use in foods have not been found. The sensitisation to heat by the 
propylene glycol/propionate combination, therefore, was encouraging.
A reduction of heat resistance could have permitted a lowering of the 
heat process required to achieve a 12D process without affecting the 
potential safety of IMF's.
Several humectants in combination with propionate were evaluated for 
their possible effects in reducing heat resistance of spores, at 
pasteurisation temperatures (see Chapter 5). However, none of the 
interacting treatments reduced the heat resistance to the extent which 
would have permitted the lowering of heat processes with confidence.
In general, any increase or decrease in heat resistance was caused 
by the humectant or the pH value.
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The effect of the humectants on heat resistance depended not only 
upon the type of humectant but also on the heating temperature.
However, the differences in the behaviour of humectants at the two 
heating temperatures were inconclusive. Of the three humectants 
tested, sucrose (non-penetrating and non-ionic) had the greatest 
protective effect. Sodium-chloride (non-penetrating and ionic) 
was less protective than sucrose, and propylene glycol (penetrating 
and non-ionic) did not demonstrate any protective effect (i.e. caused 
no significant increase in heat resistance). As the aim of the 
investigation was to search for humectant/preservative/pH/heat 
combinations which reduced the heat resistance of Cl. botulinum and 
none was found, further work was discontinued.
From the results of the survival and heat resistance studies, it is 
concluded that the safety of IMF's with respect to Cl. botulinum, 
could not be improved with some combinations of the parameters which 
could be employed in the preservation of IMF's. Furthermore, IMF's 
prepared for subsequent rehydration should be treated as fresh foods 
after rehydration and appropriate precautions taken to prevent the 
growth of Cl. botulinum. Also, IMF's for infants should be processed 
to eliminate the potential hazard from Cl. botulinum spores. The 
heat process, however, would probably need to be raised rather than 
lowered depending on the humectant present. However, since the heat 
resistance of other Cl. botulinum types was not determined, quantification 
of the increase in heat process is not possible without further work.
The search for 'useful' interactions was extended to those affecting 
the growth and toxin production by Cl. botulinum (see Chapter 6). The
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objective was to find humectants, preservatives and pH values which 
individually were not very effective, but in combination with each 
other were capable of inhibiting growth of Cl. botulinum.
The term 'inhibition1 may be a little misleading and may be interpreted 
as meaning the total prevention of growth for an indefinite period.
In the context of the work described here, 'inhibition* refers to a 
retardation of growth i.e. a delay in the occurrence of growth and/or 
toxin production by Cl. botulinum.
The preliminary experiments identified three potentially useful 
combinations :
(i) NaCl and sorbate;
(ii) propylene glycol and sorbate; .
(iii) propylene glycol and benzoate.
The effectiveness of these combinations was dependent upon the pH 
value of the system (see §6.4*1 pages 112-118).
The inhibition of growth was not due to the interaction between Aw, 
preservative and pH, but rather the interaction between the humectant, 
preservative and pH value. The interaction of the humectants (NaCl 
and propylene glycol) with preservative and pH, were probably related 
partially to the reduced Aw levels. However, the absence of inter­
actions between other humectants (i.e. sucrose and glycerol) and 
preservative, at similar Aw and pH values, substantiates further the 
greater importance of humectant type over the role of Aw.
The differences between penetrating and non-penetrating humectants, 
on growth of Cl. botulinum, are well documented (see § 2.3*2 pages 23-24)* 
Gould and Measures (1977) have demonstrated that loss of water from
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the cell or spore is caused by the non-penetrating humectant (e.g.
NaCl and sucrose) but not by penetrating humectants.
In the present investigation, differences were observed also between 
different penetrating humectants (i.e. propylene glycol was more 
inhibitory than glycerol) and between different non-penetrating 
humectants (i.e. NaCl was more inhibitory than sucrose). For the 
time being, one can only speculate as to the reasons for such 
differences. It is possible that NaCl and propylene glycol possess 
an intrinsic ability to interfere with the metabolic processes which 
is not due solely to reduction of Aw. The antimicrobial activity 
of some polyhydric alcohols against some organisms, which is not 
related to Aw, has already been demonstrated by e.g. Sinskey (19?6) 
and Herman, et al, (198O).
The inhibition of Cl. botulinum by the NaCl/sorbate/pH combinations 
was probably due not only to the interaction of NaCl and pH, augmented 
by the preservative/pH combination, but also to a direct synergism 
between NaCl and sorbate (see § 6.4.4 pages 121-125). The inhibitory 
effects of propylene glycol/benzoate (see § 6.4.2 pages 119-120) and 
propylene glycol/sorbate (see § 6.4.3 pages 120-121) may also be due 
to similar interactions.
These studies were carried out in media systems and the suitability 
of the NaCl/sorbate/pH, propylene glycol/sorbate/pH and propylene glycol/ 
benzoate/pH combinations for the inhibition of Cl. botulinum in foods 
can only be speculative. Further work is continuing at the RA to 
evaluate the efficacy of these interactions for application to food 
systems. Some limited observations have been reported already for 
the effectiveness of NaCl/sorbate/pH interaction in meat systems 
(Patel et al, 1979 and Sofos et al, 1980b).
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Overall, the work described here has shown that, although the inter­
actions of humectant, preservative and pH value did not affect the 
survival of 01. botulinum at reduced Aw levels, certain interacting 
combinations inhibited growth and toxin production at high Aw.
An IMF could be formulated to contain a combination of humectant, 
preservative and pH value, such that on rehydration, the growth of
01. botulinum would be inhibited by the interacting combinations. 
Thus, IMF's could be prepared for subsequent rehydration without 
increasing the risk of botulism.
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APPENDIX I
Source,.' of Materials
Material 
Buffered Peptone Water (BPW)
Glycerol (Analar.)
Horse Blood Agar (HBA)
- Blood agar base
- Horse blood (defibrinated) 
Hydrochloric acid (SG 1.18)
L- cys te ine-HCl 
Potassium sorbate (puriss) 
Propylene glycol 
Reinforced Clostridial Medium 
(RCM)
Sodium benzoate (Analar)
Sodium propionate (Analar) 
Sodium chloride (Analar)
Sucrose (Analar)
Tryptone Soya Broth (TSE)
Source
London Analytical & Bacteriological 
Media Ltd (Lab M)
Fisons Ltd
Oxoid Ltd 
Oxoid Ltd 
Fisons Ltd 
BDH Chemicals Ltd 
Koch-Light Laboratories Ltd 
BDH Chemicals Ltd
Bee ton Dickenson & Co Ltd (BBL)
Fisons Ltd
Fisons Ltd
BDH Chemicals Ltd
Fisons Ltd
Becton Dickenson & Co Ltd (BBL)
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Sensitization  o f  heat-dam aged sp ores o f  Clostridium botulinum, 
type B to sod ium  chloride and sod iu m  n itr ite
B. J A R V I S ,  A N N E T T E  G.  R H O D E S ,  S U S A N  E.  K I N G *
a n d  M .  P A T E L
S u m m a ry
Spores o f Clostridium botulinum type B (NGTG 7273) were sensitized to the 
inhibitory action of 2-5% and 3-5% w /w  N aCl by heating  a t 85, 90 or 95°G 
a t pH  6-0 and pH  6*5. Spores heated a t 70 or 80°G were not significantly, 
.sensitized to these concentrations o f N aC l bu t they were sensitized to 4*5% 
and 5-5% N aCl. A significant salt-n itrite  in teraction was observed only a t 
N aC l levels o f 4-5% and above. Heat-shocked spores and  spores heated 
through a  T -D  process’ a t 70 or 95°C were m ore sensitive to n itrite  heated 
in  m eat or in  culture m edium  (121°/10 min) than  to unheated  n itrite  added 
after heating. However, no differences in  sensitivity to the heated nitrite 
(Perigo factor) were observed w ith spores heated a t 70 and  95°C.
In trod u ction  '
Pasteurized canned cured meats occupy a  unique position am ongst canned foods since 
the therm al processes applied to such products would be grossly inadequate to ensure 
the safety and stability o f o ther low-acid canned foods. I t  is believed th a t their stability 
results from the low incidence o f clostridial spores an d  the interactions betw een the 
various curing agents and the heat process. Investigations by m any workers have shown 
th a t salt (NaCl), nitrite, p H  value and  therm al process all in teract to produce a system 
which is m ore inhibitory to spores than  is any one factor alone (Roberts & Ingram , 
1973). A problem  in  assessing the effective levels o f the various ingredients undoubted ly  
lies in the lack of quantitative d a ta  on the interactions. Roberts & Ing ram  (1966), 
Roberts, G ilbert & Ingram  (1966) and Pivnick & T hacker (1970) have dem onstrated  
th a t salt and n itrite inhibit germ ination and  outgrow th o f heat-dam aged spores, bu t 
th a t the presence of these ingredients in the heating m enstruum  does not reduce the 
actual heat resistance of the organisms. This was subsequently confirmed by In g ram  & 
R oberts (1971) who discussed the concept o f ‘ap p aren t D values’ in  assessing the effects 
o f salt and nitrite as inhibitors o f therm ally-dam aged spores.
* Present address: The Boots Co. Ltd, Nottingham.
Authors’ address : Microbiology Department, Leatherhead Food R .A., Randalls Road, Leathcrhcad, 
Surrey KT22 7RY.
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M ost laboratory investigations on salt and nitrite  have used unheated  inorganic 
nitrite in the recovery m edium . However, Perigo, W hiting & Bashford (1967) and 
Perigo & Roberts (1968) dem onstrated that nitrite heated in a culture m edium  was a 
m ore potent inhibitor than  was an equivalent concentration o f unheated  nitrite. These 
observations were subsequently confirmed and extended by ourselves (Ashworth 
et a l,  1974a, b). T he production of a ‘Perigo-type effect’ has been dem onstrated also 
in a minced whole m eat given a sterilization trea tm ent (Ashworth & Spencer, 1972) or a 
pasteurization trea tm ent (Ashworth, H argreaves & Jarv is, 1973) and  in  a pasteurized 
m eat slurry system (Rhodes & Jarvis, 1976).
Ingram  & Roberts (1971) showed th a t spores o£Clostridium botulinum w hich had  been 
given a sublethal heat process a t 95°G were m ore strongly inh ib ited  by n itrite  w hich 
had  been heated in the recovery m edium  for 15 m in a t 115°G th an  by unheated  nitrite . 
However, in a pasteurized m eat system containing salt and  nitrite , A shw orth et al. 
(1973) dem onstrated th a t spores heated in  the m eat for up  to 4 h r a t 80°C were in ­
hibited by a sim ilar level o f n itrite to th a t w hich was inhibitory  for unheated  spores 
inoculated into the m eat after heating. These observations suggest th a t although spores 
heated at, say, 95°G are sensitized to the inhibitory  action o f salt and  nitrite , spores 
heated a t pasteurization tem peratures (e.g. 70-80°C) m ight not be sensitized by hea t 
to the inhibitory  action of curing salts. A lternatively, the ‘Perigo-type factor’ produced 
in  m eat from heated n itrite  m ight be an  equally effective inh ib itor against both  heat- 
dam aged and unheated  spores (cf. R oberts & Sm art, 1974).
T he present investigation was undertaken to assess the extent to w hich therm al 
sensitization o f spores to curing salts occurs over a range o f tem peratures such as are 
com m only encountered in m eat processing and to investigate further the effects of 
heated nitrite on heat-dam aged and unheated spores o f Cl. botulinum.
M a ter ia ls  and  m e th o d s
Preparation o f spores
Spores o ï Clostridium botulinum type B (NGTG 7273) were prepared  in  the tryp ticase- 
peptone-thioglycollate m edium  of Schm idt & N ank (1960). T he sporulation m edium , 
inoculated w ith 1% (v/v) o f an  18-hr culture in cooked m eat b roth  (Southern H ospital 
Group Laboratories, London) was incubated a t 30°G until a high proportion o f cell- 
free phase-bright spores was observed microscopically (about seven days). Spores were 
harvested by centrifugation for 30 min a t 22 000 x g  and 4°G and were washed four 
times in sterile distilled w ater. T he washed spores were stored a t 4°G as a concentrated 
suspension in sterile distilled w ater.
Preparation o f spore ampoules
Heating menstruum. Twice-m inced lean pork was hom ogenized w ith an  equal volume 
o f distilled w ater using a tubu lar sealed unit laboratory m ixer (Silverson L td, L ondon).
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T he slurry was centrifuged for 30 m in a t 22 000 x #  and  the aqueous supernatan t was 
decanted and heated for 10 m in a t 70°G to precipitate coagulable protein. T he  suspen­
sion was filtered through W hatm an  No. 1 filter paper (H . Reeve Angel & Co. L td, 
London) and was divided into three portions, the p H  values o f w hich were adjusted to 
6 0, 6-5 or 7-0; the extracts were then sterilized by m em brane filtration.
Spore suspensions. T he  spore concentrate was centrifuged for 30 m in a t 22 000 x g  and 
the pellet was evenly suspended in  a suitable volum e o f sterile m eat extract to give a 
level of about 106 spores m l-1. A liquots o f 0-5 ml were p ipetted  accurately into sterile 
freeze-drying ampoules by m eans o f an  Agi a glass m icrom eter syringe (Burroughs 
W ellcome Ltd, Beckenham) and, after sealing, the am poules were stored a t 4°C until 
required.
Experimental procedure
Media fo r  recovery o f heated spores. P relim inary experim ents dem onstrated th a t highest 
recovery of heat-dam aged spores o f Cl. botulinum was obtained on horse blood agar 
(HBA) containing 1% (w/v) sodium bicarbonate. T he recovery m edia contained: 
blood agar base (Oxoid), 40 g; sodium bicarbonate, 10 g ; defibrinated horse blood 
(Wellcome Reagents L td, Beckenham), 50 m l; N aCl, 5, 25, 35, 45 or 55 g; NaNOo, 0, 
50, 100 or 200 m g; distilled w ater to 1 litre ; pH  6-0, 6-5 or 7-0.
T he blood agar base was dissolved in a suitable volum e of distilled w ater. After 
sterilization, the agar was tem pered to 50°C and  appropriate  volumes o f  horse blood 
and o f filter-sterilized solutions o f N aCl, N a N O , and N a H C 0 3 were added aseptically 
to give the required concentrations. T he p H  value o f the m edium  was adjusted 
aseptically and sterile distilled w ater was added as appropria te  to standardize the 
volume of medium . T w enty millilitre quantities were dispensed in Petri dishes and  the 
surface o f the agar was dried for 3 h r a t 37°C prior to inoculation.
Heat processing and estimation o f surviving organisms. Am poules o f inoculated m eat 
extract were weighted w ith terry clips and  im m ersed com pletely in a w ater b a th  a t 
70, 80, 85, 90 or 95°C. D uplicate ampoules were rem oved to beakers o f iced w ater after 
various times up to 48 hr. T he content (0-5 ml) o f  each am poule was diluted w ith 
9-5 ml of sterile distilled w ater in  a square-bottom ed U niversal bottle (M SB L td, 
London) and the m ixture was hom ogenized for 1 m in a t full speed using the m icro­
attachm ent of the M SB top drive hom ogenizer and an ice-w ater cooling bath . Ten-fold 
serial dilutions were prepared in sterile distilled w ater and  duplicate drops (0-02 ml) 
o f the dilutions were plated on each o f two plates of each m edium , which contained 
a different com bination o f N aC l and N a N 0 2 at the same p H  value as the hea ting  
m enstruum . Plates were random ly distributed to different anaerobe ja rs  (Baird & 
Tatlock Ltd, London) (to minimize the possible effects o f partia l o r total failure o f any 
one anaerobe jar) and were incubated a t 30°C in an  atm osphere o f hydrogen. Colonies 
were counted after one, two and six weeks incubation ; only on ra re  occasions was an 
increase in count observed after incubation for m ore than  seven days.
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Analysis o f results. A pparen t decim al reduction times (D ' values) were determ ined by 
regression analysis using the m ethod o f least squares. Differences between the slopes 
of the regression lines obtained a t any one heating  tem perature were analysed by T ukcy’s 
m ethod of m ultiple analysis o f variance (G uenther, 1964).
An index for sensitization of spores to N aC l or n itrite  was calculated by the following 
m ethod:
%  sensitization to (e.g.) 3-5% N aC l =  ^ ' t , ,  ^ 3,5 x 100
0.5
where C <05 =  m ean colony count on m edia containing 0-5% N aC l and  (7% =  m ean 
colony count on m edia containing 3-5% N aCl, after heating for t m in a t any one 
specific tem perature.
Sensitivity o f spores to heated nitrite
In culture media. N itrite  (10-50 ppm ) was heated  in  the m edium  of Perigo et al. 
(1967) for 10 min a t 121°C, or was added as filter-sterilized solutions a t levels of 50 - 
150 ppm  to m edium  sterilized w ithout the addition o f nitrite . Five bottles of m edium  
were prepared  a t each n itrite  level and these were inoculated w ith c. 1000 spores/bottle. 
T h e  cultures were incubated  a t 25°C and  were exam ined for evidence of grow th a t daily 
intervals for up  to one week and then a t weekly intervals for up to ten weeks.
In a meat slurry system. M eat slurry was p repared  as described by Rhodes & Jarv is 
(1976) a t a salt (NaCl) level of 3-5% (as salt on w ater). T he  slurry had  a fat content of 
7-5% and a p H  value of 6-2. Sodium  n itrite  was added a t initial levels of 0, 125, 250, 
375 and  500 ppm  to 25 g quantities of the m eat slurry in 1 oz U niversal bottles an d  the 
bottles were heated for 4 h r a t 70°C. A series o f control experim ents were prepared  con­
currently  in  w hich filter-sterilized solutions o f n itrite  were added to heated  (4 h r at 
70°C) m eat slurry. T he bottles were stored for 16 h r a t room  tem perature before 
inoculation w ith c. 800 spores Cl. botulinum per bottle (i.e. c. 30 spores/g m eat slurry). 
T h e  inoculated bottles were incubated  a t 25°G and were tested for toxin when evidence 
of spoilage was observed, or after a total incubation period of ten weeks. Toxin was 
detected by injecting 0-4 ml of a 1 in 5 dilution of the m eat in gelatin -phosphate buffer 
(pH  6-5) into 18-20 g female Swiss white mice. Botulinal toxin was confirmed by obser­
vation of clinical symptoms and by antitoxin protection tests on mice.
Spore inocula. For studies o f sensitivity to heated nitrite, spore suspensions in the 
aqueous m eat extract a t pH  6-0 were treated as follows : heat-shocked for 10 min at 
70°C; heated to 10% survivors a t either 70 or 95CC.
Nitrite analyses. Residual n itrite a t the time of inoculation was determ ined in non­
inoculated replicate bottles o f m edium  or m eat for each input  nitrite level. T he m ethod 
used was th a t described previously by Ashworth & Spencer (1972).
Interpretation o f results. T he num ber of replicate bottles in w hich grow th/toxin 
form ation had occurred was recorded for each nitrite level and each incubation period.
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Results are expressed in terms of the E D 100 level which has been defined previously 
(Ashworth et al., 1973) as the lowest concentration o f nitrite which inhibited grow th and 
toxin production, for a defined time period, in all replicates of a series of tests. E D 100 
levels were calculated for both heated and unheated nitrite in the m edium  and the 
m eat systems in terms of initial nitrite content and of residual n itrite  a t the time of 
inoculation.
R esu lts
Heat resistance o f Cl. botulinum spores recovered in the presence o f salt and nitrite
T he ‘apparen t decimal reduction times’ (D ' values) for spores heated and recovered 
at pH  6-5 on HBA containing from 0-5 to 3-5% salt and 0 to 200 mg kg-1 nitrite  are 
presented in Table 1. These d ata  were derived from the therm al death  curves o f spores 
heated at 70 to 95°G obtained by least-squarcs analysis of the experim ental data . T he 
correlation coefficients of the lines were all better than 0-85. T he D ' values obtained 
over a more restricted range of tem peratures a t pH  6-0 are presented in T ab le 2. A t 
pH  7-0, the D ' values were almost identical to those observed a t pH  6-5, b u t since a 
shoulder was frequently observed in the pH  7-0 death curves, the D ' values were derived 
from the linear portions o f the curves.
The D ' values indicate that spores were sensitized to N aCl when heated a t 85, 90 
or 95°G. A t pH  6-5, sensitization of spores heated a t 70 or 80°G was not observed, bu t 
there was some sensitization at pH  6-0. For spores heated a t 90 and 95°G and recovered 
on 0-5% N aCl com pared w ith recoveries on 2-5% and 3-5% N aCl statistical analysis 
dem onstrated significant differences {P <0-01) in the slopes of the therm al death  curves. 
The differences were also significant ( f  <0-05) for spores heated a t 85°C. For these
Table 1. Apparent decimal reduction times for spores of Cl. botulinum type B at pH  6-5 
Apparent D value (min) at pH 6-5 when recovered on
Temperature 2-5% NaCl 3-5% NaCl
of heating 0-5%   :--------------  ------------------------------- -------
(°C) NaCl 50 100 200 50 100 200
mg/kg nitrite mg/kg nitrite
70 3515* 3635* 4123$ 3555* 3132* 3389* 3544*
80 960$ 829+ 830$ 899$ 892$ 996$ 982+
85 248f 136$ 247$ 220* 115* 180* 136$
90 86+ 53$ 50$ 34* — 41* —
95 19-5* 6-8$ 7-1* 6-7* 3-7* 3-4* 5-1$
Correlation coefficients of the thermal death curves scored : * 5=0-95; f ^0-90 <0-95; 
t  >0-85 <0-90.
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Table 2. Apparent decimal reduction times for spores of Cl. botulinum type B at pH 6-0
Temperature 
of heating
(°C)
Apparent D  value (min) at pH  6 0 when recovered on
05%
NaCl
2-5% NaCl > 3-5% NaCl
50 100 200 
mg/kg nitrite
50 100
mg/kg nitrite
200
70 3174f 2406f 2633* 2669* 2770* 3412$
80 994* 899* 1364$ 645f 535* 540* . 704$
90 76* 43* 44* 48* 32* 31*
Correlation coefficients of thermal death curves as Table 1.
three tem peratures, the differences in  D ' values o f spores recovered on 2*5 /0 ov 3 5 / 0 
N aC l were also significant (P < 0*01). T he  effect o f n itrite  on the ap p a ren t hea t resistance 
o f spores recovered on either 2*5% or 3-5% N aC l was no t statistically significant 
(P > 0 -0 5 ).
Sensitization o f heated spores to inhibition by salt and nitrite
T h e  inh ib itory  effects o f salt on spores dam aged  by h ea t for various tim e periods a t 
70—95°C are illustrated  in Figs 1 and  2. T he  sigmoid inhib ition  curves obtained a t both 
p H  6-0 an d  p H  6-5 for spores heated  a t 85°C and  above, dem onstrate increased
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Fig. 1. Effect of heat process on the sensitization of CL botulinum spores to 3-5% NaCl at 
pJ-£ 6-5. For calculation of sensitization see Materials and methods . O» 95 , V » 90 , 
O , 85°; A , 80°; O , 70°.
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• F ig .  2 . Effect of heat process on the sensitization of Cl. botulinum spores to 3-5% NaCl 
■ (O , 90°; □ ,  80°; A , 70°) and 2-5% NaCl (© , 90°) at pH 6 0.
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F ig . 3. E ffect o f  sod iu m  ch lorid e  an d  sod iu m  n itr ite  o n  sensitiza tion  o f  Cf. botulinum spores  
h ea ted  for 2 hr a t 70°C , p H  6-5.
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sensitization o f spores w ith increased heat dam age. A lthough spores heated at 70 and 
80°G were not sensitized significantly over the periods o f heating, there is a suggestion 
of a slight increase in  sensitization after heating for 48 h r a t 70°G. Com parison of the 
response line (Fig. 1) for spores heated a t 70°G and  pH  6-5 w ith th a t for spores heated 
a t 70°G and pH  6-0 (Fig. 2) dem onstrates a sa lt-p H  in teraction  on the heated spores. 
S im ilar interactions were seen also a t the higher tem peratures o f heating.
Because o f the low level of sensitization o f spores heated  a t 70°G, further experiments 
were undertaken w ith recovery on m edia containing up  to 5-5% salt. W ith relatively 
mild heating (i.e. up  to 2 h r a t 70°G) little sensitization of spores was observed a t 2-5% 
salt b u t spores were m arkedly sensitized to salt concentrations of 4-5% and above. i 
Indeed 99-99% of spores capable of grow th a t pH  6-0 in  0-5% salt were inhibited by 
5-5% salt whereas only abou t 80%  inhibition occurred a t 4-5% salt. Some in teraction 
o f salt and  nitrite was observed also a t 4-5%  and 5-5% salt (Fig. 3). A t pH  6-5 and 
p H  7-0 the salt-n itrite  in teraction  was m uch reduced. I t  is notew orthy th a t at low salt 
(i.e. 2-5%) and  low n itrite (50-100 ppm ), spore recovery was sometimes enhanced a t 
the higher p H  values. . -
Sensitivity o f heated spores to heated and unheated nitrite
T he relative sensitivities o f heated and  unheatcd  spores to bo th  heated  and  unheated  
n itrite  in culture m edium  and  pork slurry are presented in  T ab le  3. As expected, the 
spores were m ore sensitive to heated nitrite  than  to unheated  n itrite  in Perigo m edium  
and no differences were seen between the different spore treatm ents. In  pork slurry, the 
spores were all equally sensitive to heated nitrite  and  were m ore sensitive to heated 
n itrite  than  to unheated  nitrite.
Table 3. Inhibition of Cl. botulinum type B spores by heated and unheated nitrite
Spore treatment
E D 100 residual nitrite* (mg/kg) after ten weeks in
Perigo medium Pork slurryf
Heated
nitrite
Unheated
nitrite
Heated
nitrite
Unheated
nitrite
Heat shocked (10 min at 70°C) 20 150 210 385
Heated 70°Cf 20 . 150 210 338
Heated 95°Cf 20 150 210 310
* Assayed at time of challenge, 
f Pork slurry contained 3-5% salt (on water phase).
Î Heated to 10% survivors and inoculated at same level of viable spores as ‘heat 
shocked’ spores.
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Spores heated a t 95°C appeared to be slightly m ore sensitive to unheated n itrite  than  
were spores heated a t 70°C which were themselves slightly more sensitive than  were 
the heat shocked spores. However, this m ay reflect merely the increased sensitivity of 
the spores heated a t 95°G to the salt (3*5% on w ater phase) in the pork slurry.
D iscu ss io n
Several workers (e.g. Roberts et al., 1966; Pivnick & Thacker, 1970; Ingram  & Roberts, 
1971) have dem onstrated th a t heating sensitizes clostridial spores to the inh ib itory  
cfleets of salt and nitrite. T he present investigation confirms these earlier observations. 
D ata are presented on the degree of inhibition by various salt levels for spores o f one 
strain of Cl. botulinum heated a t various tem peratures. A lthough both Pivnick & T hacker 
(1970) and Ingram  & Roberts (1971) have shown th a t the degree o f sensitization 
increases with increasing exposure to heat, their studies were restricted to tem peratures 
at the higher end of the range of tem peratures used in com m ercial processing o f canned 
cured meats. Pasteurization of large cans o f cured meats frequently occurs in conditions 
where the centre tem perature of the m eat is raised to about 70°G over a prolonged 
period. Further the average salt content of m any com m ercial cured meats m ay be as 
low as 3-3-5%  (salt on water) and in extreme cases may be as low as 2%  (salt on w a te r). 
In  conditions such as these, spores of Cl. botulinum would neither be inhibited by the salt 
and nitrite levels per se, nor would they be sensitized by the mild hea t process. H owever, 
even relatively short exposure of spores to a tem perature of 70°C or above w ould 
result in sensitization to higher salt concentrations (i.e. 4-5% salt on w ate r).
The results of this study on the effects o f heated n itrite on spores o f Cl. botulinum type 
B confirm the recent observations o f R oberts & S m art (1974) who showed th a t heat 
and radiation dam aged spores of CY. botulinum types A and E and of Cl. sporogenes were 
no more sensitive to heated nitrite than  were undam aged spores. T hey also extend our 
earlier observations with Cl. sporogenes in  m eat systems (Ashworth et al., 1973) and  
dem onstrate the lower sensitivity o f spores to heated and unheated  n itrite in  a m eat 
system com pared w ith the sensitivity in culture m edia. T he com parison also indicates 
the caution needed in in terpretation of d a ta  obtained in laboratory m edia in relation 
to potential effects in m eat systems. In  the present work, growth and toxin form ation 
in the m eat system was inhibited by about 300-400 ppm  unheatcd  nitrite or by abou t 
200 ppm  heated nitrite. By contrast only 20 ppm  heated nitrite was required  to 
inhibit a similar inoculum  of spores in culture medium . Consequently in any a ttem pt 
to quantify the effects of therm al process, salt, nitrite and other factors on the safety 
of heated cured m eat products it is essential to undertake large-scale studies of these 
interacting param eters in m eat systems. For this reason long-term  storage tests have 
been undertaken in inoculated m eat systems stored at various tem peratures (Roberts, 
Jarvis & Rhodes, 1976).
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M ICROBIOLOGICAL SAFETY  OF PA STEU RIZED  CURED M EATS: 
INH IBITIO N OF C LO STR ID IU M  B O T U L IN U M  BY CURING SALTS 
AND O THER ADD ITIVES
B. JA R V IS, A. C. RHODES and M. PATEL 
L eatherhead F ood  RA, L eatherhead, Surrey  (England)
SUMMARY
During the past 10 years there has been increasing concern over the possible 
occurrence in cured meat products o f carcinogenic amines (nitrosam ines) derived 
from nitrite and nitrate. In addition to its role in producing the required colour and 
flavour o f  cured meats, nitrite has long been considered to  be essential for 
maintenance o f microbiological safety and stability, especially in relation to  
C lostr id ium  b o tu l in u m  (Jarvis, B. and Walters, C. L., 1972 , Nature,  L o n d . ,  239 ,  
64).
This paper will describe an approach to understanding the factors which affect 
safety in pasteurized cured meats. Following the developm ent o f a m odel pasteuri­
zed cured meat system  (Rhodes, A. C. and Jarvis, B., 1976 , J. F d .  T echnol. ,  1 1 , 13) 
w hich perm itted large factorial-designed experim ents to  be undertaken relatively 
easily in the laboratory and also perm itted inter-laboratory investigations (R oberts, T.
A., Jarvis, B. and Rhodes, A. C. 1976 , J. Fd. Technol. ,  11, 25), a series o f  
investigations were made with Cl. b o tu l in um .  Factors investigated have included the 
effects o f  salt, nitrite, polyphosphate and sorbic acid levels and the effects o f  
storage temperature, thermal process value and pH value. The major effects and 
interactions responsible for inhibition o f botulinal toxin  form ation w ill be summari­
zed and the im plications o f changes in legislative, industrial and consum er 
requirements will be considered in relation to the continuing safety requirements o f  
such products.
RIASSUNTO
Negli ultim i 10 anni si è  manifestato un crescente interesse su 11a possibile 
presenza di ammine cancerogene (nitrosoam m ine) dérivant! dal nitrito e dal nitrato 
nei prodotti carnei. E nitrito, oltre a determ inare il caratteristico colore e aroma 
delle earn! salate, è considerate da tem po un com ponente essenziale al mantenimen- 
to  della salubrità e stabilité microbiologica, soprattutto in relazione al C lostr id iu m  
bo tu l in u m  (Jarvis, B. and Walters, C. L. - 1972 - Nature, L o n d o n ,  239 ,  64).
Questo lavoro rappresenta un contribute alia com prensione del fattori che 
condizionano la salubrità delle carni salate pastorizzate. E’ stata com plu ta una serie 
di ricerche con il Cl. b o tu l in u m ,  impiegando un sistema m odello di carne salata 
pastorizzata (Rhodes, A. C. and Jarvis, B., 1976 , Journal o f  F o o d  T ec h n o lo g y ,  11, 
13) che consente di eseguire con relativa facilita estesi esperimenti fattoriali e si 
presta a sperimentazioni in collaborazione tra laboratori divers!. I fattori studiati 
com prendono 1’effetto  della concentrazione di sale, nitrito, polifosfati e acido  
sorbico, oltre all’effetto  della temperatura di magazzinaggio, dell’entità del tratta- 
m ento termico e del pH. Gli effetti preminenti e le interazioni responsabili d e ll’ini-
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bizione délia form azione di tossina botulinica dovranno essere attentam ente consi­
dérât! in relazione ad eventual! cambiamenti delle disposizioni legislative, aile 
nécessita industrial! e aile attese dei consum atori, tenendo conto délia costante  
preoccupazione per la salubrità di tali prodotti.
IN TROD UCTION
The m icrobiological safety and stability  o f pasteurized cured m eats 
is dep en d en t u p o n  th e  in terac tion  of m any facto rs including th e  salt 
(sodium  chloride) and n itrite  levels, th e  th erm a l process applied to  th e  
p roduct, and  th e  tem p era tu re  and  du ra tion  o f storage (R iem ann, 1963 ; 
Ingram , 1976; Jarvis, Rhodes, King & Patel, 1976 ; R hodes & Jarvis, 
1976, 1978; R oberts & Ingram , 1976; R oberts, Jarvis & Rhodes, 
1976).
The present-day in terest in  th e  role o f the  various in teracting  
factors has been stim ulated  by  th e  d em onstra tion  th a t  com bination  
betw een  n itrite  and  fo o d  am ines leads to  th e  fo rm atio n  o f n itrosam ines 
w hich are p o ten tia lly  carcinogenic a t low (jug kg- 1  ) dose levels (K rol & 
Tinbergen, 1974). The m ajor consequence o f th e  occurrence o f n itrosa­
m ines in cured m eats has been  a growing pressure from  consum er 
groups and legislative bodies fo r  reductions in th e  p resen tly  p erm itted  
levels o f  n itrite  and n itra te  in foods.
Sodium  n itrite  has th ree  fun c tio n s in cured  m eats. The reaction  
betw een  n itrite  and m yoglobin leads to  th e  fo rm atio n  o f the  typ ical 
«pink» co lou r associated w ith  cured meats. Sim ilarly n itrite  con tribu tes 
to  th e  flavour o f th e  p roduc t. These «cosm etic» effects require 
relatively low  levels o f  n itrite  (up to  50 m g kg- 1  in p u t n itrite ) and  
w ould n o t be seriously affected  by  m oderate  reductions in th e  perm it­
te d  n itrite  levels. By con trast th e  m icrobiological safety  of th e  p ro d u c ts  
especially in re la tio n  to  Clostridium  botu linum , is dependen t upon  
the  in teractions referred  to  above and, fo r th e  low salt (2-4% salt-on-w a­
ter) p ro d u c ts  cu rren tly  being p roduced , reductions in th e  perm itted  
n itrite  levels m ight be expected  to  affect seriously th e  p robab ility  of an 
o u tb reak  o f  botulism  from  cured m eats which receive only a pasteuriza­
tio n  process. I t  has been sta ted  previously (Jarvis & W alters, 1972) th a t 
a significant red u c tio n  in n itrite  levels m ight lead to  a red u ctio n  in th e  
po ten tia l hazard  from  nitrosam ines b u t replace it w ith a very real risk 
from  botulism . -
The objective o f  w ork un d ertak en  in our labora to ry  during th e  past 
few years has been to  develop an understand ing  o f th e  reasons fo r 
stability  and safety  o f com m ercial cured pasteurized m eat p roduc ts  and 
thereby  to  assess th e  relative im portance of the  various facto rs involved.
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Table i - Comparison o f  the «thick» and «thin» pork slurry system s
Relative proportions to  make
C om ponent Thin slurry* Thick slurry
Minced, defatted pork shoulder 1 4
Brine, containing additives 1 1
* Rhodes & Jarvis (1976)
M uch of th e  early w ork  was re la ted  to  th e  enhanced inh ib i­
to ry  effect observed w hen n itrite  is hea ted  b o th  in cu ltu re  m edia 
and in  m eats (A shw orth  & Spencer, 1972; A shw orth, Hargreaves & 
Jarvis, 1973; A shw orth, Hargreaves, Rosser & Jarvis, 1974; A shw orth e t
EEEÊI.miiiimijwglgs
Plate 1 
(For explanation see tex t)
a l,  1974). T hereafter we tu rn ed  o u r a tten tio n  to  studies o f in teractions 
of preservation  effec ts in m eat system s since R oberts  & Ingram  (1973) 
has show n th a t  in teractions betw een salt, n itrite  and pH  value 
occurred in  labo ra to ry  m edia. In itially  we (R hodes & Jarvis, 1976) 
developed a po rk  slurry system  (Table I), which had  m any advantages 
over th e  m inced  m eat system  used  previously by us (A shw orth  e t al, 
1973). In  la te r studies (R hodes & Jarvis, unpub lished  data) th e  system  
was m odified  (Table I) to  p roduce  a slurry o f  th icker consistency 
which, a fte r cooking, closely resem bled in tex tu re  and appearance 
various «reform ed» ham s m anufactu red  com m ercially .P late 1 illustrates 
the original slurry system  o f R hodes & Jarvis (1976) and Plate 2 
provides a com parison o f cross-sections th rough bo th  th e  «thick slurry»
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canned thick 
slurry
commercial cooked
ham
Plate 2 
(For explanation see tex t)
and  a com m ercial «reform ed» ham . Typical chem ical analyses o f th ick  
slurry fro m  one experim en t are given in Table II, and show good 
agreem ent betw een  ta rg e t and analyzed levels o f th e  various param eters.
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Table II - Typical chemical analyses on «thick» slurry (each result is the mean o f  12 
analyses)
Sodium nitrite (mg kg'1 )
Salt* 
(% on  
water)
Fat
(% w /w )
pH value
Input Preheat Postheat Preheat Postheat
75 55 49 3.7 4.8 5.9 6.2
(52-56) (45-52) (3 .3-4 .1) (4 .3-5 .2)
175 137 118 3.5 4.9 5.9 6.2 •
(132-140) (108-123) (3 .1-3 .9) (4 .1 -5 .6 )
300 241 200 3.4 5.3 5.9 6.2
(228-252) (194-207) (3 .1-4 .0) (4 .9 -5 .4)
* Target level 3,5% salt-on-water
EXPERIM ENTAL
In the  w ork to  be described the  various param eters w hich have been 
studied in th e  slurries are: .
Salt level (% salt-on-w ater) 1.8, 3.5, 4.5, 5.5 
N itrite  level (mg k g ~ 1 ) 40, 75, 125, 175, 225, 300
Polyphosphate level (% w/w) 0, 0.3, 0.5 
Sorbic acid (mg kg- 1 ) 0, 1000, 2000
pH value (on processed slurry) 5.7, 6.0, 6.4
Inoculum  
Inoculum  level 
Heat process
Storage tem peratu re  (° C) 
Storage tim e (m onths)
Cl. bo tu linum  spores types A and  B 
10 spores/25g
Processed a t 7 0 °C to  P 80 °c o f 0.65, 
6 ,6 5 ,1 2 .6 5  m in (Shapton , Lovelock & 
L aurita-L ongo, 1971)
15, 17.5, 20, 22.5, 25 
Up to  6 m onths
Individual experim ents were planned as fully  factorial block com pa­
risons b u t n o t all param eters have been studied in a fully factorial 
series, i.e. som e param eters were included .o r om itted  from  certain  
experim ents.
M ethods used fo r  spore p roduction , chem ical and m icrobiological 
analyses, and d e tec tio n  and confirm ation  o f bo tu lina l tox in  have all
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•/. S p o i l a g e .
NiNO,
( m g / l  ) D a y s
S p o i l a g e  of  p o r k  s l u r r y  a t  20  "c 
( NaCl  3• 5 */. o n  w a t e r  ) .
Fig. 1 - Spoilage o f  pork slurry at 20° C
•Z. S p o i l a g e
NiNOi D a y s  .
S p o i l a g e  o l  p o r k  s l u r r y  a t  15*C 
( N a C l  3 5 V .  o n  w a  1er  ) .
Fig. 2 - Spoilage o f  pork slurry at 15° C
2 5 6
CURING SALTS
pH.  G O . N a Cl  1-8 */. w/v on  w a t e r  .
top
*/. toxic.
Fig. 3 - Growth o f  Cl. b o tu l in um  types A and B in pork slurry, 
been rep o rted  previously (R hodes & Jarvis, 1976; R oberts e t a l ,  1976).
RESULTS
Our firs t studies were carried o u t jo in tly  w ith Dr. T. A. R oberts o f 
the  M eat R esearch Institu te , L angford and provided a basis on w hich 
b o th  laboratories have fu rth e r developed th e ir research program m es. 
The results o f o u r com bined  studies (R oberts e t a l, 1976) are 
sum m arized in Fig. 1-4.
In pork  slurry a t pH  6 contain ing 3.5% salt, various levels o f n itrite  
from  40 to  300 m g kg-1  and stored  fo r various tim e periods up to  6 
m onths, a h igher incidence o f spoilage (and tox in ) occurred a t 20° C 
(Fig. 1) th an  a t 15°C (Fig. 2). A t b o th  tem peratu res a clear relationship  
existed betw een  in p u t n itrite  level and tim e to  spoilage; m ajor effects 
were seen a t 20° C betw een 75 and 125 mg kg- 1  n itrite  and betw een 
175 and 225 mg kg-  1 ; at 15°C m ajor effects were seen betw een 40 and
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pH.  6 0 ,  N a C l  3 5  e/. w/ v o n  w a t e r .
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Fig. 4 - Growth o f  C l  b o tu l in u m  types A and B in pork slurry.
75 and  betw een  75 and  125 m g kg- 1  n itrite , respectively.
The effec t o f  storage tem p era tu re  over th e  range 15 to  25° C is 
illu stra ted  in  Fig. 3 and  4 fo r slurries contain ing  1.8% and 3.5% salt-on-wa­
ter, respectively, and  sto red  fo r  6 m onths. A t 1.8% salt-on-w ater, m ajor 
in terfaces occu rred  be tw een  15° and  1 7 .5 °C and betw een  175 and 225 
m g kg- 1 n itrite  (Fig. 3). I t  should  be n o ted  th a t  m ost replicates studied 
a t th is  salt co n cen tra tio n  con tained  to x in  a fte r storage fo r 6 m onths a t 
tem p era tu res o f 17.5° C and  above. By co n tra st a t 3.5% salt-on-w ater, 
a lthough  th e  m ajor in terface still occurred  betw een  15 and 1 7 .5 °C, th e  
e ffec t o f  n itr ite  was increased so th a t an in terface occurred  a t 75-125 
m g kg- 1  n itr ite  a t 15°C  and  th e  solid b lock  o f  to x ic  samples was 
b roken  u p  a t th e  h igher n itrite  levels and tem p era tu res  used. However, 
in  all o f  th is  early  w ork  a m inim al h ea t process was given (cen tre  
tem p era tu re  o f  th e  b o ttle d  slurries was raised to  7 0 °C in  7 m in .P 80° c 
=  0.65) w hich was fa r below  th a t  used  com m ercially .
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100
%  To x i c
%  S a l t - o n - w a t e r
n c u b a t i o n  t e m p  ( °C)
Fig. 5 - The effect o f  sodium  chloride (as % salt-on-water) and incubation  
temperature (° C) on the occurrence o f botulinal toxin  in meat slurries stored for 
183 days. (All nitrite levels com bined).
To x i c
0 • 65x 
6 - 6 5 x  p r o c e s s  v a l u e
Y o S u l t - o n - w a t e r 12- 65
Fig. 6 - The effect o f sodium  chloride (as % salt-on-water) and thermal process value 
P80oc ,  on the occurrence o f botulinal tox in  in meat slurries stored for 183 days at 
25“ C. (All nitrite levels com bined).
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0 65/
6 65^ / P r o c e s s  v a l u e
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Fig. 7 - The effect o f  sodium  nitrite (m g kg- 1 ) and thermal process value (P80° c . 
m in) on the occurrence o f  botulinal toxin  in m eat slurries stored for 183 days at 
25° C. (All data on  salt levels com bined).
E ffec ts  o f  salt, n itr ite  and p ro cess  value
S ubsequen t studies co n cen tra ted  on  confirm ing th e  original observa­
tio n s  (using th e  «thick» slurry) and ex tending  them  to  o th er param e­
ters. F o r ease o f  p resen tation , d a ta  from  several experim ents have been 
com bined  and sum m arized. The effects o f  salt levels from  1.8 to  5.5% 
in  re la tio n  to  th e  overall incidence o f to x in  p ro d u c tio n  a t tem peratu res 
o f 15, 20  and  2 5 °C are show n in Fig. 5 and a t various process values 
(fo r 25° C only) in  Fig. 6. As expected , a t all storage tem peratu res 
used, th e  e ffec t o f  increasing salt co n cen tra tio n  is to  reduce th e  
incidence o f  to x in  p rod u c tio n . A sim ilar effect can be seen in re la tion  
to  increasing salt and  process values (Fig. 6) w here a red u ctio n  o f ab o u t 
50% occurred  in  th e  incidence o f to x in  w hen th e  h ea t process was 
raised fro m  P 8O°c= 0 -65 to  P80oc= 1 2 '65 (i 'e ' 6:0111 th e  equivalent o f 
0 .65 m in a t 80°C to  th e  equivalent of 12.65 m in a t 8 0 °C). U n fo rtu n a­
tely , d a ta  fo r  salt levels in excess o f 3.5% are n o t available fo r the 
m edian  process used  (P80<> c= 6 .65).
Fig. 7 show s th e  com bined  d a ta  ob ta ined  a t  various salt levels fo r 
increasing n itrite  levels and  process values. The effec t o f  increasing the  
process from  P 80oc=0 .65  to  6 .65  was m ore m arked  a t high (175-300
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Table III - Production o f C lostrid ium  bo tu l in u m  toxin  in meat slurry containing  
3.5% salt-on-water after 6 m onths’ storage at 25° C
Input % Samples containing toxin
nitrite
(mg/kg) Polyphosphate-free Curaphos-700 (0.5% w /w )
system system
0 — 50
75 95 60
175 55 10
300 15 0
Total 55 27
-Table IV - Spoilage and toxin production by C lostr id ium  b o tu l in u m  - combined re­
sults for 75 and 175 mg/kg nitrite after 3 m onths’ storage at 25° C
Salt Polyphosphate Occurrence (%) of
(% salt-on-water) % w /w  Spoilage Toxin
0.0 77.5 60
2.0 0.3 67.5 65
0.5 85 55
0.0 6 7 .5a 55b
3.5 0.3 55 37.5
0.5 4 7 .5a 30b
a, b = paired results significantly different at p < 0.05 -
mg kg” 1 ) n itrite  levels th an  a t low  (75-125 mg kg™1 ) n itrite . There was 
also com paratively little  e ffec t o f fu r th e r increasing th e  h ea t process. 
These observations are in accord  w ith ou r previous observations on 
fo rm ation  o f  a Perigo-type fac to r in pasteurized m inced p o rk  (A shw or­
th  e t al; 1973).
The e ffec ts  o f  p o lyp h o sp h a te  and sorbic acid
In  o th e r concurren t studies we dem onstrated  th a t certain  p o ly p h o ­
sphates inh ib ited  spoilage o f m eat slurry inoculated  w ith Clostridium  
sporogenes (Jarvis & Croucher, unpublished data, 1976). C onsequently , 
investigations were m ade w ith po lyphosphates and sorbic acid on C l 
botu linum  in po rk  slurries (Jarvis, Patel & R hodes, 1977). Table III 
sum m arizes d a ta  show ing th e  effects o f  th e  com m ercial phosphate 
«Curaphos 700» in a slurry contain ing  3.5% salt-on-w ater, processed a t
2 6 1
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Table V - Effects o f  various polyphosphates tested on  spoilage and toxin  production  
in inoculated meat slurries
Overall %**
Polyphosphate Chain Meat Water
length pH* binding Spoilage Toxin
None — 6.1 — 73 81
Curaphos-700 2-10
m ixture
6.2 + + + 58 51
Sodium
trip olyphosphate 3 6.2 + 59 41
Fibrisol N7 2 6.3 ± 60 5
Acid sodium
pyrophosphate 2 5.8 24 3
* Post-process
** Combined data, input nitrite levels o f  40 , 7 5 ,1 7 5  m g/kg
Table VI - C los tr id iu m  b o tu l in u m  toxin  production in slurries containing sorbale and 
polyphosphate after 6 m onths’ storage at 25° C
Sorbate % Samples containing toxin
level
(m g/kg) Polyphosphate-free
system
Curaphos-700
system
Total
0 73 13 43
1000 60 11 36
2000 49 9 29
Total 61 11
Table VII - The effect o f  pH value on  occurrence o f botulinal toxin  in meat slurry 
containing 3.5% salt-on-water, processed at P go°c  =  6 .65  min and stored for 6 
m onths at 25° C.
pH
value
Natural (N ) 
Artificial (A) 
pH value
% sam ples containing toxin  at nitrite (mg kg'1 ) o f  
75 175
5.95 A 20 0
6.1 N 50 5
A 80 15
6.4 N 100 20
A 90 45
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T a b le  VIII - R isk F a c to r s  (R )  for  c h a n g e s  in cur ing  a g e n t  levels  a ss u m in g  6 m o n t h  
s h e l f  l ife
Salt (as % s/w ) 2 3.5 4.5
R 4 1 0.5
Nitrite (mg Kg*1, input) 50 100 200
R 10 3 1
Polyphosphate (% w /w ) 0 0.3 0.5
R 1 1* 0.5-0 .2*
* D ependent on salt, pH and type o f  phosphate
Table IX - Risk Factors (R ) for changes in other parameters assuming 6 month shelf 
life
pH value 5.7 6.0 6.4
R 0.3 1 4
Process (P80° c , min) 0.7 6.7 12.7
R 3 1 0.9
Storage temp (°C) 15 20 25
R 1 5 7
Table X - Examples of Risk Factors (R)
A) A vera g e  p re se n t  d a y  p ra c t ic e
Salt (3.5%) + N i t r i te  (20 0 ) + P80 (6 .7 ) + Storage (1 5°) + pH  6.0  
R = l x l x l x l x l = l
B) R e d u c e  salt  and nitrite;  increase t em p era tu re  and  p H  
Salt (2%) + Nitrite (50) + Storage (20° ) + pH (6 .4 )
R =  4 x 1 0 x 5 x 4  =  800
C) R e d u c e  n itr i te  and process;  increase salt a n d  tem p e ra tu re  
Salt (4.5%) + Nitrite (10 0 ) + Storage (20° ) + P 80 (0 .7 )
R = 0.5 x 3 x 5 x 3 - 2 3
D) A s  (C) + P o ly p h o s p h a te  
C + Polyphosphate (0 .5 )
R = 23 x 0.2 -  5
Pgo°c =  6.7 m in an d  stored  fo r 6 m onths a t 25°C . A lthough presence 
of th e  phosphate increased th e  pH  value o f th e  slurries by  ab o u t 0.2 u n its  
. (cf. phosphate-free contro ls) there  was a m arked inh ib ition  of b o th  
spoilage and to x in  p roduction . The data  in Table IV dem onstrates no 
effect o f  po lyphosphate  in  slurries contain ing 2% salt b u t a significant
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effect o f  0.5% po lyphosphate  a t 3.5% salt. A lesser effect was observed 
a t 0.3% po lyphosphate. These results, to g e th er w ith  o th er unpublished  
data, suggest th a t  th e  failu re o f R oberts & Ingram  (1976) to  observe an 
effec t o f  p o lyphosphate  m ay have been due in p a r t to  th e ir  use of m uch 
low er p hosphate  levels.
A sum m ary o f  studies w ith  a range o f po lyphosphates o f varying 
chain length  is p resen ted  in Table V. T he resu lts dem onstra te  th a t  
d iphosphates w ere generally m ore effective th an  were triphosphates o r 
phosphate  m ix tu res and  th a t th ere  was a greater degree of inh ib ition  o f 
to x in  p ro d u c tio n  th a n  o f  spoilage. In  o th e r studies, phosphates raising 
th e  pH  value o f  th e  slurry  significantly (to  pH  >  6.4) were shown to  
have little  o r no inh ib ito ry  effect.
We are con tinu ing  ou r w ork  w ith  p hosphates and looking also a t 
in terac tions w ith  o th e r fo o d  preservatives. In  one such study  (Table VI) 
an  effec t o f  sorbic acid was seen b o th  in th e  presence and absence of 
polyphosphates. E ffects observed were additive and, perhaps surprisin­
gly (cf. Jarvis & Burke, 1976), no in te rac tio n  could be dem onstrated .
E ffe c t  o f  p H  value.
R eference has been  m ade previously to  th e  effec t o f pH  value on 
th e  preservative in te rac tio n s  in  m eat system s. Table V II sum m arizes 
d a ta  w hich  show s an increase in  occurrence of to x in  w ith  increasing pH  
value over th e  range pH  5.7 to  6.4. S im ilar tren d s w ere seen b o th  w ith  
natu ra l and  artific ially  ad justed  pH  values, although artific ial ad ­
ju s tm en t o f pH  was exceptionally  d ifficult.
CONCLUSIONS
A t th e  p resen t tim e  o u r w ork is still incom plete b u t w e do have a 
b e tte r  un d ers tan d in g  o f  th e  fac to rs w hich affec t th e  safety and stability  
o f pasteurized  cured  m eats.
W hilst it m ay be rash to  generalize, it is possible to  indicate som e 
order o f  m agnitude fo r  in h ib ito ry  effects o f th e  param eters tested . 
Tables V III an d  IX  sum m arize th e  «risk factors»  (R) w hich we have 
derived fro m  o u r various data, based on  a no tional value o f 1 (unity) 
fo r a pasteurized  ham  contain ing  3.5% salt-on-w ater, 200 m g kg- 1  
nitrite , pH  6.0, Pgo0 c =  6.7 m in and  stored  a t  15° C fo r 6 m onths.
If  we assum e th a t  th e  param eters in te rac t and th a t  th e  R -factors can 
be m ultip lied  to  give a com bined  risk fac to r (Table X) th en  by  reducing 
th e  salt to  2%, and in p u t n itrite  to  50 mg kg- 1  in a m eat w ith a
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post-process pH  value o f 6.4, storage a t 15° C would resu lt in a 160-fold 
increase in risk whilst storage o f  such a p ro d u c t at 20° C w ould resu lt in 
an 800-fold risk increase (Table X, B). If th e  salt level in m eat at pH  6 
. were increased to  4.5%, n itrite  reduced  to  100 mg kg- 1 and th e  process 
to  be m arginal (P8p°c 0.7) th en  th e  risk fac to r associated w ith storage at 
20 C w ould be increased som e 23-fold (Table X, C). However, by 
incorporating  an  inh ib ito ry  pho sp h ate  (Table X, D), the  risk fac to r 
could be lim ited  to  a five-fold increase.
Such an  approach  canno t be precise, y e t m ay indicate th e  possible 
o rder o f m agnitude o f  p o ten tia l hazards w ith which m anufactu rers 
could  be faced in  certain  circum stances. In a situation  w here consum ers 
require less salty (m ore bland) foods, legislators press fo r  low er n itrite  
levels and  m anufacturers face problem s o f high pH  m eats and  th e  need 
to  m axim ize yield by contro lling  cooking losses etc. som e guidance of 
risk p o ten tia l is essential.
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Inhibition of Spoilage and Botulinum Toxin Production by Polyphosphates in a Model 
Cured Meat System. By B. Jarvis, M. Patel {Leatherhead Food R A .,  
Randalls Road, Leatherhead, Surrey KY22 7RY) and A nnette C. R hodes 
{Northern Dairies, Central Laboratory, Park Street, Kingston-upon-Hull).
The effects of polyphosphates (PP) on growth (as indicated by spoilage) and toxin 
production from a mixed inoculum of Clostridium botulinum types A and B was studied 
at 25 °C in a modification of the cured meat slurry system of Rhodes & Jarvis (1976 
Journal o f Food Technology 11, 13-23). At 2% salt-on-water (s/w) there was no 
significant effect of PP but at 3*5% (s/w) a significantly lower number of samples 
contained toxin when 0-5 (w/w) PP (Curaphos 700) was used compared with PP-free 
controls. At 0-3% PP, less inhibition of toxin production was observed but toxin 
production was still much lower than in the absence of PP. There was an interaction 
between PP (at 0-5%) and nitrite (at 40-300 mg h 1), but not between PP and 
sorbate (2000 mg I-1) or nisin (400 i.u. g"1); sorbate alone exerted some inhibitory 
effect on toxin production. The extent of the inhibition of toxin production varied with 
PP, diphosphates being more effective than tri- or longer chain PP. The effect of PP was 
also related to pH change in the meat. The effects of PP on overt spoilage were much less 
marked than the effects on toxin production. The results will be discussed in relation to 
the safety of pasteurized cured meats.
J. appl. Bact.. (1977), 12. (î), XV
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The Occurrence and Control of Clostridium  
botulinum in Foods
B. Jarvis and M. Patel 
Leatherhead Food Research Association, Leatherhead, Surrey, UK
ABSTRACT
Although outbreaks o f  human botulism in the UK are rare, the recent 
cases o f botulism in Birmingham have provided a reminder that the 
potential hazards from  foods contaminated with Clostridium 
botulinum cannot be ignored. Outbreaks oj botulism in Europe and 
the USA are more frequent and have not always received the publicity 
given to the Birmingham outbreak. Data on outbreaks oj botulism in 
Europe during the past 20 years have been collated and will be 
presented.
Spores q/ Cl. botulinum are known to occur widely in soil, fresh­
water mud and marine muds in many parts oj the world. 
Contamination ofjbods and subsequent growth by Cl. botulinum is 
therejbre possible unlessfoods are adequately preserved. Some data on 
natural contamination o f fo o d  material by Cl. botulinum will be 
presented.
Traditional preservation methods, including commercial sterili­
sation {e.g. in canning), use o f  low pH  conditions {e.g. in acidjruits and 
pickles), restriction o f available water {by drying or addition oj 
humectants), and restriction o f storage temperature {e.g. by chilling or 
freezing) are all used to prevent growth o f both spoilage and food- 
poisoning bacteria. Whilst the critical process conditions can be 
defined in some cases {e.g. the minimum botulinum cook (F0 3 min) fo r  
canned foods), in other situations insujficient data exist to quantify a 
‘saje process with regard to Cl. botulinum. This is particularly 
important where interactions o f two or more preservation systems are 
required jb r  saj'ety and stability. Examples will be provided oj the
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interactions between factors such as pH  value and water activity (a J  
in processed cheese and o f those factors important in the safely and 
stability o f pasteurised cured meats U'.tf. salt, nitrite, other additives, 
thermal process value. pH  value, storage temperature and time). The 
relative importance o f these factors will be considered in relation to the 
establishment oj a product risk evaluation system which could Jorm the 
basis o f a computer model.
INTRODUCTION
Botulism is a neuroparalytic disease caused by the exotoxin of 
Clostridium botulinum. The disease is normally associated with 
ingestion of preformed toxin in foods, but botulism has been known 
to follow wound infections and. very recently, outbreaks of ’infant 
botulism" have resulted from establishment of C/. botulinum in the 
neonate intestine.
The history of botulism, the chemistry and pharmacology ol the 
toxin, and the occurrence and growth of Cl. botulinum have all been 
extensively reviewed in recent years' ~3. This paper summarises new 
data on the incidence of botulism and considers some of the ways by 
which control of Cl. botulinum may be effected in foods.
OUTBREAKS OF BOTULISM
In the UK. outbreaks of human botulism are. fortunately, rare". The 
1978 outbreak of botulism in Birmingham, caused by consumption of 
canned salmon, affected four persons of whom two died'. This was 
the first general outbreak since 1955 and only the thirteenth recorded 
since the 1922 Loch Maree tragedy. In addition, the first recorded 
case of infant botulism" in the UK was recognised clinically in 1977*.
In Western Europe, outbreaks of botulism occur more frequently 
but reports are not always publicised. During the past 22 years, more 
than 254 outbreaks were recorded in the EEC countries (Table 1 ). 
with 1851 persons affected. The majority of outbreaks occurred in 
France and Germany. Botulism is also a more frequent condition in 
Scandinavia than it is in the UK.
It is often thought that botulism is more frequent in the USA than 
in other parts of the world. However, from the data collated for the
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TABLE 1
RECORDED INCIDENCE OE BOTULISM IN WESTERN EUROPE 
(DATA FROM VARIOUS SOURCES)
Country No. of recorded 
Outbreaks Cases Deaths
UK and Eire
(1922-78) 14 33 21
Belgium. France. Germany
Italy and Luxembourg ,
(1956-78) > 2 5 4 1 851 > 7 7
Denmark. Norwav and
Sweden
(1956-78) >25 90 13
Western Europe >293 1 9 7 4  > 1 1 1
TABLE 2
SUMMARY OF RECORDED OUTBREAKS OF HUMAN BOTULISM WORLDWIDE
Region Outbreaks Cases Deaths References
Western Europe 
(1956-78) oA 1 946 >92 see Table 1
Eastern Europe (Poland 
and the USSR) 
(1958-73) >95 5039 175 7. 8
North America 
(1956-78) N.A." 739 193 9 - 1 5
South America 
(1973-74) 18 7 16. 17
Middle East (Iran) 
(1977) 1 75 17 18
Africa (1958-78) 2 12 0 19. 20
Far East (Japan) 
( 1 9 5 1 -7 0 ) 64 343 89 21. 22
Australia
(1 9 5 7 -7 8 ) 4 19 1 23. 24
N.A. = Data not available.
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period 1956-78, botulism is clearly more common in Eastern and 
Western Europe than it is in North America (Table 2). The large 
number of cases in Eastern Europe was recorded mainly in Poland 
(4711 during 1960-73).
Probably the largest known single outbreak of botulism was 
recorded in Iran in 197718 ; 75 persons were affected, of whom 17 died. 
Botulism also occurs frequently in Japan. By contrast, in South 
America. Africa and Australia, reports of botulism are rare, although 
the disease is not unknown. In total, some 2500 outbreaks of human 
botulism have been recorded this century; about 12000 persons have 
been affected, with an overall mortality of about 20%.
FOODS IMPLICATED IN OUTBREAKS OF BOTULISM
A wide variety of foods has been implicated in the various outbreaks 
of botulism. Meat and meat products have mainly been responsible 
for the outbreaks in the EEC countries, whilst in the USA the main 
vector was vegetable products (Table 3). By contrast, outbreaks in 
Scandinavia, Russia and Japan have been associated largely with fish 
and fish products.
Home-preserved foods have been implicated in the majority of the 
cases worldwide, although commercial foods have been implicated 
occasionally. Careful control of both the quality and the preservation
TABLE 3
FOODS IMPLICATED IN OUTBREAKS OF BOTULISM
Food Percentage of outbreaks
E E C USA"
(1956-78) (1899-1973)
Meat and meat products 64 5
Fish and fish products 6 13
Milk and milk products 1 i
Vegetables .1 68
Others/unknown 26 12
No. of recorded outbreaks 266 219
a Data from various sources 
6 Only outbreaks where toxin type determined25.
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process by UK food manufacturers, and the relatively low volume of 
home preservation, probably explains the low incidence of botulism 
in the UK. However, the present-day increase in interest in self- 
sufficiency, and the recommendation of dubious methods for home 
preservation of meat, fish and vegetables by retailers of certain 
preserving jars, indicates a need for vigilance and for better public 
awareness of the hazards of botulism.
OCCURRENCE OF CLOSTR/D/CM  ROTCA /ALM  IN
FOODS
Clostridium botulinum occurs in soil, fresh-water muds and marine 
muds, in many parts of the world. Contamination of foods with Cl. 
botulinum spores is therefore possible, but the incidence is extremely 
variable.
TABLE 4
OCCURRENCE OF Cl. botulinum  IN UK RAW AND PROCESSED 
MEATS26”28
(Average contamination ranged from 0-25 to 2 spores
k g" 1)
Occurrence 
(N o. positive/ 
No. tested)
Type detected
Raw pork 30/684 A. B and C
Bacon 36/397 A and B
Bacon 10/182 A, B and E
The presence of Cl. botulinum has been demonstrated in raw pork 
and bacon in the U K 26” 28. The overall level of contamination (1 able 
4) has been calculated to range up to two spores per kilogramme, 
although a higher incidence undoubtedly occurs from time to time. 
Surveys of some semi-preserved meat products29 and convenience 
foods30-31 demonstrated the presence of Cl. botulinum in cooked 
ham, smoked turkey, vacuum-packed frankfurters and luncheon 
meat (Table 5). Mushrooms have also been shown to be contaminated 
with Cl. botulinum22.
Contamination of fish with Cl. botulinum is well known3. A 1971
B. Jarvis and M. Palel 
T A B L E  5
OCCURRENCE OF Cl. botulinum IN US COMMERCIAL 
FOODS29-31
O ccurrence T y p e  
( N o .  posit ive /
N o .  tested)
C o o k e d  ham  5 /100
S m o k e d  turkey V41
L u n ch eo n  m eat  1/73
V a c u u m -p a c k e d  b acon  1/4
V a c u u m -p a c k e d  frankfurters 1/100
O ther fo o d  p roducts  0/531
survey33 for Cl.  b o tu l in u m  demonstrated a variable incidence in trout 
from various sources on sale in the UK, but no evidence tor 
contamination of s m o k e d  trout could be obtained (Table 6). Similar 
data have been obtained by other workers. Unfortunately, data tor 
incidence of Cl. b o tu l in u m  in other foods are not available, but the 
presence of spores in other foods is clearly evident trom the number ot 
outbreaks of botulism caused by the different food types.
T A B L E  6
OCCURRENCE OF Cl. botulinum IN FISH ON SALE IN THE
T r 3,3 2
T y p e  Origin  %  sam ples  posit ive
( " D e n m a r k 601Ireland 10
Fresh trout \ Japan 12 5
U K 0 - 1 0 0
I. V ar iou s 33
S m o k e d  trout V ariou s 0
V acu u m -p a ck ed  fish U K 0-8
CONTROL OF C LO STRID IU M  B OT UL I NUM
Ingestion of spores of O/. Ww/mwm is not generally thought to be 
hazardous except for infants, when "infant botulism' may result.
A
B
B
B
B
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Control of botulism therefore depends upon inhibition of growth and 
toxin production by Cl. botulinum. or destruction of the spores. Some 
ot the critical limits for process control are summarised in Table 7.
The heat resistance ot CL botulinum spores and the critical heat 
process required for spore destruction is well established. For low- 
acid foods (pH >  5-0). a minimum botulinum cook (F0 3, equivalent 
to 3 min at 121-2 °C) provides a safe (12D) process. Commercial
TABLE 7
PHYSICAL METHODS FOR CONTROL OF Cl. botulinum  IN FOODS
' Condition Destruction Inhibition o f
proteolytic non-proteolytic
strains strains
Temperature y3 min at 121 °C >50=C > 50°C
< 10°C < 3 °C
Acidity (pH) — <4-5 < 5
>8-5 . > 8-5
--- <0-94 <0-97
Irradiation a3-6 Mrad
Chemical preservation ■ — Variable Variable
12D process at pH 7.
practice frequently requires sterilisation processes in excess of fq  3.
thereby providing an additional safeguard against survival of Cl.
nou/linum. Similarly, safe irradiation processes can be defined ( 12D
process <f:.v6Mrad). although such processes are not legally
permitted for foods at the present time.
Single preservation methods can be defined for control of growth.
but the limits vary according to type of C/. Ww/ww/,,. The minimum
temperature for growth and toxin production under otherwise
optimum conditions is 3-3°C for type E. 4 'C  for type F. and
10-d2o "C for types A and B3. The maximum temperature for growth
is 47-5-50 C. Growth of proteolytic or non-proteolytic strains is
inhibited at pH values below 4-5 or 5-0 respectively and at water
actAny, values below 0-94 or 0-97 respectively. Chemical
prv.ser\dti\es are rarely effective against Cl. botulinum when used 
alone.
In practical situations, where two or more preservation systems arc
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used, it is often difficult to quantify a ‘safe process' with respect to Cl.
botulinum. ■
The interactions between aw and pH values are well known. In vitro
studies have demonstrated that the minimum av value for growth of 
Cl. botulinum increases as the pH value decreases from optimum • .
The influence of a*, pH and temperature on growth have been studied 
in laboratory media2-36 but reports of studies in food systems are
TABLE 8
TOXIN PRODUCTION BY Cl. botulinum  IN PROCESSED CHEESE 
SPREAD PREPARED AT VARIOUS pH AND tiw VALUES
pH Value Percentage sample toxic at initial aw of
0-92-0-94 0-94-0-96 0-96-0-97
5-4-5-6 NT" 3 6 3-3
5 8 -6 0 0 31 6 23-3
6-1-6-5 21-4 62 5 87 5
a NT =  not tested.
sparse. Table 8 summarises the interactions between aw and pH on 
growth of Cl. botu linum in processed cheese; the results3' were in 
close agreement with published observations34-35 in synthetic media.
Complex combinations ot salt (NaCl). pH, nitrite, thermal process, 
and temperature and duration ot storage have been shown to oe 
important for the safety and stability of pasteurised cured meats. The 
interactions between salt, nitrite and storage temperature were 
studied in a model pasteurised pork slurry system38, and the effects of 
initial nitrite level and storage temperature on toxin production in 
slurry containing 1 8 or 3-5 % salt (on water) are illustrated in Figs. 1 
and 2 respectively. Increasing nitrite concentrations from 40 to 
300make- 1 reduced toxin formation most at the lowest incubation 
temperature used. An increase in salt content trom 1 -8 to j 5/0 
resulted in increased inhibition at 15 C, especially in the range 125 to 
225 mg nitrite kg"1 product; some inhibition occurred also at higher 
temperatures.
This early work used a heat process (0 65min at 80"C) far milder 
than normal commercial processes. The effect of extending the 
process time P80 from 0 65 to 6-65 min was more marked at high 
nitrite than at low nitrite levels (Fig. 3), but there was little effect from
The Occurrence und C ontrol q/ Clostridium botulinum in Foods 109
F i g . 1.
F i g . 2.
% Toxic
Growth ot'CV. botulinum types A and B in pork slurry at pH 6 with I -8 % NaCl 
(w/v on water).
% Toxic
Growth ol Cl. botulinum types A and B in pork slurry at pH 6 with 3-5 % NaCl 
(w,v on water).
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100j
90|
80
70
77
73 7373
67
60
50
% Tome 4340 434337
30
20
23
20
75
125
0 65/"
6 6 5 /  ^ ^ 6  ol
i B O X  (min)
175Input nitrite 
( mq kg-1 ) 225
300
T h e  ell eel o f  so d iu m  ni tr ite  (m g  k g '  ' )  a n d  th e rm a l  p rocess  time (min) on  theF i g . 3.  il ct !"so i  i tr it  (   , 
occu r rence  o f  bo tu l in  toxin  in m ea t  s lu rr ie s  s to red  to r  183 d a y s  a t 25 C .  (D a ta  on  all
T f tia i
salt  levels c o m b in ed .)
a further increase in the heat process39. Other parameters such as pH 
value, and additives such as sorbic acid and polyphosphates, may also 
alfect the stability of pasteurised cured meats’4'0-4'1.
RISK ASSESSMENT
Control of Cl. botulinum growth and toxin production by the 
traditional preservation methods is not well understood. In toods 
where two or more preservation methods are used with the intention 
of reducing chemical preservative levels and/or the heat process, the 
significance of the complex interactions are only now starting to be 
understood.
In an attempt to evaluate the relative importance ot the various 
factors, a product risk evaluation system has been developed lor 
pasteurised cured meats42. The 'risk factors' (R) with respect to CL 
(Tables 9 and 10) were derived from laboratory data tor the 
various parameters believed to be important in the safety and stability 
of cured meats.
The data in Table 11 show that deviations from the critical curing
Thi' Occurrence und C ontrol o/ Clostridium botulinum in Foods 111
TABLE 9
RISK FACTORS (R) FOR CHANGES IN CURING AGENT LEVELS ASSUMING 
6-MONTH SHELF LIFE42
Salt (as % on water) 2 3-5 4-5 5-5
R 4 1 0-5 0-1
Nitrite (m gk g-1 , input) 50 100 200 300
R 10 3 1 0
Polyphosphate ( % w/w) 0 0-3 0-5
R 1 1° 0 5-0 2"
" Dependent on salt, pH and type o f phosphate.
TABLE 10
RISK FACTORS (R) FOR CHANGES IN OTHER PARAMETERS 
ASSUMING 6-MONTH SHELF LIFE42
pH 5-7 6 0 6-4
R 0-3 1 4
Process time P80 (min) 0-7 6-7 • 12-7
R 3 1 0-9
Storage temp. ( °C) 15 20 25
R 1 5 7
TABLE 11
EXAMPLES OF RISK FACTORS CALCULATION42
(A) A v e r a g e  p re sen t- t la y  p r a c t ic e
Salt ( 3 - 5 ° 0) +  Nitrite  (200) +  P 80(6-7) +  Storage  (15°)  +  pH 6 0 
R =  l x l x l x l x l  =  l
(B) R educe salt  am! n i tr i te ;  increase  t e m p e r a tu r e  a n d  p H  
Salt ( 2 l,0) +  Nitrite  (50) -f S torage  ( 2 0 e) +  pH (6 4)
R =  4 x 10 x 5 x 4 =  800
lC) Reduce n i tr i te  a n d  p r o c e s s  t im e;  increase sa lt  a n d  te m p e r a tu r e  
Salt (4 5% ) +  Nitrite  (100) -r Storage  (20") 4- P8U (0 7)
R =  0 5 x 3 x 5 x 3  — 23
(D ) ,-l.s (C )  -r P o ly p h o s p h a te  
C -f P o ly p h o sp h a te  (0 5)
R =  23 x 0 2 — 5
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and storage parameters in ‘average present-day practice may lead to 
increases In health risk. Such generalisations cannot be precise, but 
provide some guidance on potential risks involved il legislative 
changes result in significant reduction of permitted nitrite levels.
CONCLUSION
Since spores of C los tr id iu m  botu linum occur widely in nature it is not 
surprising that contamination occurs in primary food materials. 
However, for a health hazard to occur there must also be opportunity 
for spore germination and growth of the vegetative forms with
liberation of toxin.
The UK safety record of commercially prepared foods is excellent; 
yet very occasionally isolated outbreaks of botulism associated with 
commercial products do occur. If we are to maintain a low incidence 
of botulism in this country it is essential that industry maintains 
careful control of processes, that the Government continues to accept 
the need for use of chemical preservatives (such as nitrite) in certain 
food products, and that the consumer refrains from home 
preservation of non-acid foods, other than by freezing. It is worthy of 
consideration whether, if nitrite were to be prohibited as a food 
preservative, some consumers might start home curing of pork in 
order to provide supplies of bacon and ham for domestic 
consumption. Such a situation could lead to a significant increase in 
risks for the consumer, and provide botulism statistics more akin to 
those of our EEC neighbours.
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